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LETTER  OF  TRANSMITTAL. 


Office  of  the  Water  Supply  Commission  of  Pennsylvania, 

Harrisburg,  Pa.,  December  31,  1912. 

To  His  Excellency,  the  Governor  of  the  Commonwealth  of  Pennsyl- 
vania : 

To  the  Members  of  the  Senate  and  House  of  Representatives  of  the 
Commonwealth  of  Pennsylvania: 

In  compliance  with  the  provisions  of  the  Act  of  the  General  As- 
sembly, approved  May  1th,  1995,  the  Water  Supply  Commission  le- 
spectfully  submits  its  report  for  the  year  1912. 

.lOHN  BIRKINBINE, 

Chairman. 

FREDERlGIv  W.  ELEITZ, 

Vice-Chairman. 

THOMAS  .1.  LYNCH, 

Secretai'y. 

ROBERT  S.  CONKLIN, 

Commissioner  of  Forestry. 

SAMUEL  G.  DIXON, 

Commissioner  of  Healtli. 
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REPORT 


OF  THE 

WATER  SUPPLY  COMMISSION  OF  PENNSYLVANIA 

1912 


CHAPTER  I 

GENERAL  REPORT 


The  Commission  has  during  the  year  apx)roved  thirty-four  appli- 
cations for  the  incorporation  of  water  and  water  power  companies, 
two  agreements  of  merger,  and  one  sale  of  i)roperty  and  franchises. 
Table  No.  1 shows  the  number  of  com})auies  incorporated,  with  the 
approval  of  the  Commission,  and  the  present  status  thereof. 


TABLE  NO.  1. 


Present  Status  of  Water  Companies  Incorporated  Between  ^lay  4tli,  1905,  and 

.January  1st,  1913. 


Year. 

Number  incorporated. 

1 

In  Operation, 

Under 

Construction. 

Not  Operating. 

IVr  cent. 

. 

1 

Per  cent. 

Number. 

a 

i) 

c,/ 

Zj 

im,  

6 

4 

67 

0 

0 

2 

33 

1906 

30 

22 

73 

0 

0 

8 

27 

1907,  

33 

21 

64 

1 

3 

11 

33 

1908 

20 

12 

60 

0 

0 

8 

40 

1909 

3.S 

25 

66 

4 

10 

9 

24 

1910 

26 

17 

66 

3 

11 

6 

23 

1911 

28 

18 

64 

1 

4 

9 

32 

1912,  

36 

15 

42 

1 

3 

20 

55 

Total  and  equivalent  per  cent., 

217 

134' 

63 

10 

4 

73 

33 

Of  the  new  companies  formed  eleven  are  for  domestic  water  sup- 
ply, four  for  industrial  supply,  aitd  twenty-one  are  for  the  generation 
of  water  power.  Interest  in  the  development  of  the  water  power  of 
the  State  is  evidenced  by  the  number  of  water  power  charters 
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granted;  but,  although  twenty-one  charters  were  approved,  only 
three  distinct  water  i)ower  operations  are  involved,  one  requiring 
thirteen  and  anotlier  seven  charters  to  cover  the  desired  territory, 
the  former  contemplating  tlie  complete  develo})ment  of  an  important 
river.  Anotlier  involves  the  comjdete  development  and  utilization  of 
a secondary  stream,  hy  means  of  three  high  dams  and  storage  reser- 
voirs. Throughout  the  country  hydro-electric  development  is  become 
iug  a prominent  factor  in  industrial  advancement;  public  service  is 
improved,  manufacturing  increased,  and  jiopulation  augmented 
through  the  more  abundant  and  cheaper  power  resulting  from  such 
works,  where  properly  constructed  and  controlled. 

Tallies  Xos.  2.  8 and  4 .show,  respectively,  the  water  and  water 
power  comjianies  incorporated  in  1912,  those  companies  which  are 
operating,  source  of  supply  and  character  of  works,  and  the  con- 
solidations effected  among  water  and  water  jiower  companies  dur- 
ing 1912. 
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STREAM  ENCROACHMENTS. 

The  Act  ot  i\[ay  2Sth.  1907,  l)y  the  terms  ol'  wlrich  the  Commission  ex- 
ei'cises  jurisdiction  over  encroachments  on  streams,  has  been  the 
subject  of  an  oi»inion  liy  tlie  Attorney  (General  (see  page  19),  by 
which  the  powers  and  duties  of  the  Commission  are  interpreted  to 
extend  over  more  classes  of  streams  than  the  text  of  the  Act  seemed 
to  the  Commission  to  indicate,  thereby  augmenting  this  feature  of 
file  Commission's  work,  with  corresponding  benefit  to  the  streams  of 
the  State.  During  1912  forty-eight  applications  for  encroachments 
on  streams  received  apitroval,  including  twenty-eight  bridges,  eight 
dams,  eleven  tills  and  walls,  and  one  change  of  channel  location. 
The  Commission  has  undertaken  a general  enfoi'cement  of  this  law 
by  establishing  an  efficient  information  system  through  which  early 
knowledge  is  obtained  of  proposed  work  of  this  character,  and  by 
giving  ]u-ompt  as  well  as  thorough  attention  to  such  applications; 
for  wliei'o  encroachments  are  planned  in  such  manner  as  to  receive 
a]ii»roval  the  a]i]dicauts  .should  receive  notice  thereof  with  dispatch. 

The  following  table  exhibits  the  numl)er  of  applications  granted 
in  this  branch  of  the  Commission's  w’ork,  each  year,  since  the  passage 
of  this  Act: 


TABLE  NO.  5. 

Encroachments  on  Streams  Aijproved  By  Water  Supply  Commission. 


Year. 


Number. 


v.m, 

1910, 

1911, 

1912, 


19 

27 

32 

32 

48 


Total. 


158 


The  ]>ros]iects  are  that  the  number  of  encroachmeuts  coming  under 
sujKMvisiou  of  the  Commission  will  be  larger  than  in  1913  than 
heretofore,  and  may  require  an  increase  in  the  force  to  expeditiously 
dis])ose  of  them.  The  ])ublic  is  becoming  more  cognizant  of,  and 
lu'oader  lecognition  is  being  given  to,  the  Commission’s  jurisdiction 
ovei'  such  matters. 

Owing  to  the  fact  that  the  jurisdiction  of  the  Commission  over 
encroachments  in  certain  streams  under  the  Act  of  May  28th,  1907, 
had  been  (piestioned,  the  Attorney  General  was  requested  to  give  his 
official  opinion  as  to  what  streams  come  within  the  definition  of 
the  Act.  This  opinion  is  found  below. 
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OFFICE  OF  ATTORNEY  GENERAL. 

Hairisburg,  XovoTiiber  12,  1012. 

T.  J.  Lynch,  Esq., 

Secretary,  Water  Supply  Coniniissioii  of  Pennsylvania. 

Harrisburg,  Pa. 

Dear  Sir: — This  Department  is  in  receipt  of  your  inquiry  of 
October  11th,  1912,  in  which  you  state,  in  substance,  that  the  Water 
Supply  Conunissiou  requests  an  official  opinion  as  to  its  jurisdiction 
under  the  Act  of  May  28th,  1007,  P.  L.  290,  entitled  : 

“An  Act  to  provide  that  no  dam,  wall,  wing-wall,  wluirf,  pier, 
embankment,  abutment,  projection,  or  other  obstruction,  nor 
any  addition  thereto,  shall  be  constructed,  erected,  or  built  in 
or  along  any  public  or  navigable  river,  or  stream  heretofore  de- 
clared a public  highway,  within  this  Commonwealth  ; nor  shall 
the  course,  current  or  cross  section  thereof  be  changed  or  dimin- 
ished, without  the  approval  of  the  Water  Supply  Commission 
of  Pennsylvania;  and  to  require  maps,  ])laus,  ])io1iles,  specifica- 
tions, information,  and  data  relating  thereto  to  lie  submitted  to 
said  Commission.” 

You  ask,  in  substance,  to  be  advised  whether  the  jurisdiction  of 
the  Commission  extends  to,  first,  all  public  rivers;  second,  all  navi- 
gable rivers,  and,  third,  all  streams  heretofore  declared  public  high- 
ways; or  whether  it  is  confined  to  streams  which  have  been  declared 
public  highways  by  an  Act  of  Assembly. 

The  language  of  this  Act  is  that: 

“No  person  or  persons,  corporation,  county,  city,  borough,  or 
township  shall  construct,  erect,  or  liuild,  iit  or  aJonf/  any  public 
or  navif/abie  river,  or  stream  heretofore  declared  a public  Iriyh- 
tvay,  within  this  Commonwealtli,  any  dam,  wall,  wing-wall, 
wharf,  pier,  etc.,  * * * unless  and  until  the  said  person  or 

persons,  coiqioration,  county,  city,  borough,  or  towushi]*  .shall 
have  submitted  to  the  Water  Supply  Commission  of  Pennsyl- 
vania complete  maps,  plans,  profiles,  etc.,  * * * and  a ma- 

jority of  the  members  of  the  said  Water  Supply  Commission  of 
Pennsylvania  shall  have  approved  the  same.” 

You  illustrate  your  inquiry  by  citing  the  fact  that  the  Western 
Maryland  Kailroad  Company  has  recently  constructed  a new  line 
along  the  Y'oughiogheny  and  Casselman  rivers,  from  New  Haven 
southward  to  the  State  line,  and  has  juade  numerous  encroachments 
on  these  streams.  In  so  far  as  the  Youghiogheny  river  is  concerned, 
ymr  .state  that  the  corporation  has  made  app'lication  to  the  Commis- 
sion for  its  approval  of  such  encroachments,  but  refuses  to  make  ajc 
plicatiou  with  respect  to  the  Casslemau  river,  upon  the  ground  that 
the  Cassleman  river  has  not  been  declared  a public  highway,  and 
therefore  does  not  come  within  the  jurisdiction  of  the  Conunission. 
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The  Coininissioii,  1)y  tlie  ex])ie.ss  language  of  tlie  Act,  is  given  juris- 
diction for  tlie  ])ni-])oses  s})eeitie<l  in  the  Act,  over  “any  public  or 
navigable  i-iver,  oi-  stream  lieretofore  declared  a juiblic  highway.” 

You  state  in  yonr  conimnnicatiou  that  it  is  contended  by  counsel 
foi-  several  corjiorations  that  the  jihrase  “hei-etofore  declared  a pub- 
lic highway”  relates  to  and  inodities  the  words  “any  public  or  navi- 
gable river,”  as  well  as  the  word  “stream,”  and  that  the  Commission, 
therefore,  has  no  jurisdiction  over  any  river  or  stream  unless  such 
river  or  stream  has  been  declared  a jmblic  highway  by  the  Act  of 
Assembly.  Your  ( 'ommission  was  created  by  the  Act  of  May  4th,  1005, 
r.  L.  OSb,  and  anthoiized,  infer  alia,  to  adopt  ways  and  means  of 
utilizing,  conserving,  jmrifving  and  distributing  the  water  supplies 
of  this  State  in  such  a way  that  the  various  communities  of  the  State 
shall  be  fairly  and  eipiitably  dealt  with  in  such  distribution.  The 
jK)wei-s  confeired  liy  the  aboie  cited  Act  of  1007,  are  in  addition  to 
the  general  powers  conferred  by  the  Act  creating  the  Commission, 
and  the  general  ]mrpose  in  conferring  these  additional  jiowers  is  to 
piotect  the  i-ights  id'  the  jaiblic  in  the  rivers  ami  streams  of  the  Com- 
monwealth from  encroachments  by  individuals,  private  corjiorations 
and  mniiicijialities.  It  therefoie  becomes  necessary  for  ns  to  ascer- 
tain as  accui'ately  as  jiossible  what  is  meant  by,  and  included  within, 
the  desci  ijitions  “jmblic  river,”  “navigable  river,”  and  “stream  here- 
tofoie  (leclai-ed  a jmblic  highway,”  and  to  investigate  the  rights  of 
the  jsnblic  in  these  ditferent  classilications  of  the  waters  of  the  Com- 
monwealth. There  is  no  ditlicnlty  in  distinguishing  between  a jiub- 
lic  river  and  a jn-ivate  river.  In  the  case  of  Coovert  vs.  O’Connor, 
8 Watts,  470,  it  is  said  that: 

“All  rivers,  lakes  and  streams  comjaehemled  within  the  char- 
ter bounds  of  the  jirovince,  jiassed  to  William  Penn  in  the  same 
manner  as  the  soil.  In  grants  of  tracts  of  vacant  lands  by  him 
()]■  his  successors  during  the  j)i-oj>rietary  times,  and  by  the  Com- 
monwealth since,  streams  not  navigable  falling  within  the  lines 
of  a sui'vey,  were  covered  by  it  and  belonged  to  the  owner  of  the 
tract,  who  might  afterwards  convey  the  body  of  the  stream  to 
one  j)ei'son  and  the  adjoining  land  to  another.” 

Such  streams  are  yii'ojierly  described  as  “jtrivate  liv-ers,”  and  it  is 
held  in  the  case  cited,  and  in  other  cases,  that  when  a grant  or  survey 
is  bonndeil  by  such  river  or  creek,  the  title  of  the  grantee  extends  to 
the  middle  of  the  stream.  The  jihrase  “not  navigable”  in  the  fore- 
going (piotation,  is  evidently  used  in  a limited  and  qualified  sense 
and  is  intended  by  the  anthoi-  to  distinguish  the  streams  therein  re- 
ferred to  from  large  navigable  streams. 

On  the  other  hand,  it  is  held  in  the  case  of  the  Barclay  Bailroad 
and  Coal  Conijiany  vs.  Ingham,  -‘It!  Pa.  It)4,  that  “in  resjiect  to  the 
great  rivers  of  the  State,  such  as  are  navigable  by  nature  and  there 
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fore  public  highways  by  the  common  law”  * * * that  these 

rivers  are,  properly  speaking,  public  rivers,  the  soil  of  which  has 
never  been  granted  to  t)rivate  owners  either  by  William  l*enn,  his 
successors,  or  the  Commonwealth.  Witli  respect  to  sucli  rivers  the 
following  language  is  used  in  the  above  cited  case: 

“Tlie  rivers,  and  the  beds  of  llie  rivers  belonged  to  tlie  Com- 
mon wealtli  and  constituted  paid  of  the  eminent  domain.  Private 
surveys  bounding  on  them  were  stojiped  at  low  water  mark." 

Thus  far  the  distinction  is  plain.  A river  navigable  by  nature, 
the  ownership  of  tlie  bed  of  wliicli  remains  in  the  Commonwealth, 
is  a public  river,  and  a [lublic  highway  at  common  law.  Speaking 
of  such  rivers,  Cliief  Justice  Tilghman,  in  Shrunk  vs.  Schuylkill 
Navigation  Company,  14  S.  & R.  71,  said: 

“It  is  unnecesary  to  enumerate  at  this  time  the  rivers  which 
may  be  called  princi])al,  but  that  name  may  be  safely  given  to 
the  Ohio,  Monongahela,  Youghiogheny,  Allegheny,  Susquehanna, 
and  its  north  and  west  bi-anches,  Juniata,  Schuylkill,  Lehigh 
and  Delaware.” 

A river,  the  title  to  the  bed  of  which  has  been  granted  by  the 
Commonwealth  to  private  owners,  whether  navigable  in  fact  or  not, 
is  a private  river.  If  such  ]uivate  river  is  navigable  in  fact,  the 
public  has  an  easement  therein  for  ])urposes  of  transjiortation  and 
commercial  intercourse.  The  word  “navigable”  is  elastic  and  some- 
what indefinite  in  its  meaning.  As  stated  in  Barclay  Railroad  and 
Coal  Com])any  vs.  Ingham,  sujtra,  it  may  mean  “an  ascending,  as 
well  as  descending  navigation  by  boats  of  considerable  burden — or 
merely  a descending  navigation  by  arks  and  rafts  at  all  .seasons — or 
by  arks  and  rafts  in  seasons  of  freshets.” 

Tender  the  Engli.sh  common  law  only  such  streams  as  were  affected 
by  the  ebb  and  flow  of  fhe  tides  were  deemed  navigable  streams.  This 
criterion  never  obtained  in  America,  as  api)ears  from  the  decision 
of  our  Supreme  Court  in  the  above  cited  case  of  Barclay  Railroad 
& Coal  Company  vs.  Ingham.  Tn  the  couise  of  the  opinion  in  that 
case,  Mr.  Justice  Woodward  said: 

“In  England  those  streams  only  are  called  navigable  in  which 
the  tides  ebb  and  How,  but  with  us  all  our  public  rivers,  whether 
fresh  or  salt,  are  navigable;  and  hence,  a very  erroneous  idea 
has  sibling  that  such  rivers  only  are  i»ublic  high\>ays,  and  that, 
in  the  lesser  streams,  granted  by  the  Commonwealth  to  ])urchas- 
ers,  the  public  have  no  rights  until  they  are  declared  by  law  to 
be  highways.” 


It  also  appears  from  the  opinion  in  that  case,  that  even  in  Eng- 
land, from  the  days  of  Magna  Charta  the  j)ublic  had  an  easement 
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iu  uavigalile  streams  al)ove  the  points  at  which  they  were  etfected  by 
the  ebb  arul  tlow  of  the  tide,  and  (he  following  language  is  quoted 
from  Lord  Hale: 

“All  rivers  above  the  flow  of  tide  water  are,  by  the  common 
law,  juinia  facie  jirivate;  but  when  they  are  naturally  of  suf- 
licient  depth  for  valuable  floatage,  the  jmblic  have  an  easement 
therein  for  the  imrpose  of  transportation  and  commercial  inter- 
course; ami,  in  fact,  they  are  public  highways  by  water.” 

It  is  iherefore  clear  tliat  in  onr  State  there  is  a classification  of 
streams  which  may  accurately  he  described  as  “private  navigable 
rivers.” 

Ifid'en  ing  to  the  foia^going  (piolatiun  from  Lord  Hale,  Mr.  Justice 
Woodward  said,  in  the  conise  of  his  opinion  in  the  case  cited: 

“This,  T appiehend,  is  an  exact  definition  of  our  creeks  and 
smaller  rivers,  such  as  have  been  granted  by  warrant  and  sur- 
vey. They  are  private  ]»ro]terty,  but,  if  of  sufficient  capacity,  at 
;uiv  stages  of  watei*,  to  bo  used  for  transjmrtation  of  lumber  or 
otliei'  goods,  they  aie  held  subject  to  that  ]>ublic  easement  which 
our  English  ancestry  guarde<l  with  great  jealousy,  as  numerous 
old  statutes  suhsecpnait  to  Magna  Charta  abundantly  attest. 
WliPii,  therefoi  e,  our  legislatures  declare  such  streams  to  be  pub- 
lic higlnvays.  the  Act  is  merely  declaratoiy  of  the  common  law,” 
etc. 

The  third  class  of  streams  referred  to  in  the  Act  of  1907  may  be 
descrilKMl  as  “streams  declared  public  highways  by  Acts  of  Assem- 
bly.” Acts  declaring  streams  public  highways  have,  as  a rule,  been, 
confined  to  private  streams  where  there  was  some  doubt  as  to  whether 
they  were  in  fact  navigable.  As  we  have  seen,  if  a private  stream 
is  in  fact  navigable,  it  is  a j)ublic  highway,  whether  so  declared  by 
statute  or  not.  In  so  far  as  your  Commission  is  concerned,  the 
practical  elfect  of  an  Act  de<daring  a private  stream  a ]mblic  high- 
way, is  to  relieve  the  Commission  of  any  in([uiry  as  to  whether  or 
not  the  stream  is  in  fact  navigable.  The  etfect  of  such  acts  is  de- 
fined in  Convert  vs.  C’Connor,  supra,  in  the  course  of  the  opinion  in 
which  case  it  is  said  that  declaring  a stream  a ])ublic  highway:  . . . . 

“T)oes  not  divest  the  property  ]>reviously  acquired  by  a grant 
fr(un  the  Comimm wealth  as  l)etween  these  parties,  but  leaves  to 
the  owner  his  right  to  the  soil  covered  with  the  water  to  the 
middle  of  the  stieam  as  well  as  e\ery  other  right  he  purchased, 
not  inconsistent  with  the  public  use  of  the  stream  as  a highway; 
v.liicli  is  all  in  the  case  of  streams  not  by  nature  large  rivers  or 
prinpiiml  streams  of  the  Commonwealth,  that  the  Common- 
w('altl'wpalth  may  be  considered  as  tacitly  reserving  at  the  time 
of  the  grant,  whenever  the  public  benefit  should  hereafter  re- 
(lui:  e a legislative  declaration  to  be  made.” 
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It  is  apparent  from  these  detinitious  that  the  Legislature  in  pass' 
ing  the  Act  of  1907,  used  accurate  and  discriuiiuatiug  language  in 
describing  the  waters  over  which  your  (.louiiuissiou  should  have  ju- 
risdiction for  the  purposes  iiieiitioued  in  the  Act,  and  it  is  clear  that 
your  Commission  by  said  Act  was  given  jurisdiction  over,  first,  all 
public  rivers;  second,  all  private  rivers  which  are  in  fact  navigable, 
although  not  declared  public  highways  by  Acts  of  Assembly,  and, 
third,  all  private  streams  which  have  been  declared  public  highways. 

Applying  these  conclusions  to  the  illustration  mentioned  in  your 
communication  you  are  advised  that  if  the  Casselmau  river  is  in  tact 
navigable,  within  the  dehrrition  given  above,  yorrr  Cornmissiorr  has 
jurisdiction  to  regrrlate  all  encroachments  in  or  along  the  same. 

Althorrgh  rrot  rrecessarily  involved  irr  junrr  iuqiriry,  it  may  be  ad- 
visable to  point  out  that  in  the  opiniorr  of  this  Departrrrerrt  yoirr  Com- 
mission may  have  jurisdictiorr  urrder  certain  conditiorrs  over  prrrely 
private  uorr-uavigable  streams.  It  is  provided  by  the  Act  of  1907, 
rrot  only  that  no  obstructions  shall  be  corrstrrrcted  irr  or  along  a pirb' 
lie  or  rra^igable  river  or  streairr,  lieieiofore  declared  a pirblic  high- 
way, but  also  that  rro  person,  corporatiorr  or  rrrunicipality  shall,  “in 
any  manner  change  or  diminish  the  course,  cirrrent  or  cross  section 
of  any  such  river  or  stream”  withorrt  the  approval  of  the  Com- 
mission. 

If  the  corrstrrrction  of  a dam  or  other  obstrrrction  in  a purely  pri- 
vate rron-rravigable  streanr  woirld  have  the  eifect  of  changing  or 
dirniuishirrg  the  course,  cirrrent  or  cross  section  of  any  pirblic  or 
navigable  river,  heretofore  declared  a public  highway,  the  Commis- 
sion under  the  terms  of  said  Act  would,  in  the  opinion  of  this  Depart- 
ment, have  jurisdictiorr  to  reguiaie  the  construction  of  such  darn  oi' 
other  obstruction. 

In  reply  to  the  contention  of  counsel  for  the  corporations  referred 
to  in  your  letter,  it  may  be  observed  that  the  construction  liereiu 
placed  upon  the  larrguage  of  the  Act  in  questiorr  is  irr  harmorry  with 
the  general  rule  of  construction  to  the  effect  that  a lirnitirrg  clause 
or  phrase  following  several  expressions  to  wlrich  it  might  be  ap- 
plicable, is  to  be  limited  to  the  last  antecedent. 

Under  this  general  rule  of  construction,  the  phrase  “heretofore  de- 
clared a public  highway”  should  l)e  limited  to  the  last  antecedent 
“streanr.” 

Very  truly  yorrr  s, 

J.  E.  B.  CUNNINGHAM, 
Deputy  Attorney  General. 
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STREAM  GAGING. 

The  .stream  gaging  system,  by  which  the  daily  flow  of  rivers  and 
creeks  is  determined  and  recorded,  has  been  maintained  and  ex- 
tended. ninely  two  stations  now  reporting  regularly.  The  leport  for 
1911  contains  the  complete  l ecoids  of  the  flow  of  streams  in  the  State, 
or  flowing  into  or  ont  from  Pennsylvania,  which  have  been  carefully 
and  syslematically  measured.  The  present  report,  in  Appendix  B, 
gives  the  1912  records  of  these  streams,  and  it  is  proposed  to  publish 
in  snhse(pient  annual  reports  the  flow  of  streams  for  each  current 
yeai'.  Ail  jiossihle  means  are  used  to  make  this  valuable  information 
trustworthy  and  accurate,  as  it  is  the  foundation  upon  which  plans 
for  the  best  utilization  and  develo])ment  of  the  waters  of  the  Com- 
monwealth must  he  built.  Although  Pennsylvania,  through  the  Com- 
mission, is  now  ojierating  one  of  the  most  extensive  State  systems 
of  stream  gaging,  the  imjtortance  of  this  work  and  of  the  informa- 
tion collected  thereby  cannot  he  overestimated.  The  system  should 
he  broadened,  the  number  of  stations  increased,  and  improved  gages 
should  be  installed.  To  do  this  would  re(]uire  a largely  increased  ap- 
propriation, but  the  Commission  feels  that  the  results  obtained  would 
be  moie  than  commensurate  with  the  cost. 

EXAMINATION  OF  DAMS. 

At  the  direction  of  the  Cov(Tnor,  the  Commission  has  endeavored 
to  maintain  sn]iervision  of  the  design  and  construction  of  dams,  so 
far  as  infoi-mation  has  been  secured.  The  following  dams  have  been 
built,  or  are  under  c(mstrnction,  in  accordance  with  jdans  a])proved 
by  the  Comnussion,  and  aie  subject  to  periodic  ins])ection  by  its 
repiesentatives. 


<i;igiiig  .Statiiiii  on  Aiiali>miiik  ('reek,  at  IleiiryviJle,  ^Iiuirne  ('ouiity. 
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Dams  Which  Have  Been  Constructed  or  Are  Under  Construction  in  Accordance  with  Plans  Approved  By  the  Water  Supply 

Commis  sion. 


25 


•iqSioq  inncnixuj^ 

cc 

s - 

b, 

.iiisiiiiiiiiigi 

Feel 

3. 

1, 

1, 

I 


C 


26 


During  1012  thirly-two  dams,  heretofore  constructed,  have  been 
examined,  upon  the  u'fiuest  of  individuals  or  municipalities,  or  upon 
application  of  the  ]>arlies  utilizing  the  structures,  Avith  the  result 
that  in  a number  of  instances  changes  in  the  design,  of  greater  or 
less  extent,  have  been  re(pnred. 

Table  No.  7 sIioavs  the  number,  type,  dimensions,  ownership,  and 
location  of  dams  examined  during  1012. 


TABLE  NO.  7. 

Heretofore  Constructed  Which  Have  Been  Examined  By  the  Water  Supply  Commission. 
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DEFECTIVE  DAMS. 

An  investigation  has  been  made  of  failures  or  partial  failures  of 
dams  wliich  have  occairied  in  this  State,  and  descriptions  of  some  of 
tliese  structures  and  of  their  manner  of  failure  is  attached  to  this 
report.  Most  prominent,  because  of  the  great  loss  of  life  and  prop- 
erty which  resulted,  are  the  Johnstown  and  Austin  catastrophies.  A 
study  of  these  failures  may  aid  in  ]treventing  the  repetition  of  such 
disasters.  Wherever  rcdiahle  information  can  be  obtained,  the  Com- 
nussion  is  also  collecting  and  compiling  data  concerning  failures  of 
dams  tliroughout  the  world,  but  these  data,  although  of  great  inter- 
est, are  too  voluminous  to  include  in  the  report. 

Although  this  recnrd  of  tlie  injuries  to  important  dams  in  Penn- 
sylvania, extending  over  some  twejity-five  years,  warrants  investiga- 
1i(»n  of  all  existing  structuies  and  careful  scrutiny  of  those  being 
built,  it  should  be  iemend>ered  tliat  the  number  of  dams  which  have 
}»roved  insecure  is  a small  percentage  of  those  which  have  been  con- 
stiucted  within  the  (’'ommonwealth.  The  Commission  also  recognizes 
the  existence  of  some  structures  on  onr  streams  which  are  open  to 
suspicion  and  may  cause  anxiety,  but  is  using  its  best  efforts  to 
eliminate  such  structures. 

INVESTIGATION  OF  WATER  RESOURCES. 

The  Act  of  May  4tli,  100.5,  organizing  the  Commission,  charged 
it  with  the  duty  of  jtrocuring  all  data  and  facts  necessary  to  advise 
it  thoroughly  of  the  situation  of  the  water  supply  of  the  State.  This 
the  Commission  has  done,  in  so  far  as  tlie  re.sources  at  its  command 
I^ermitted,  and  in  its  annual  re]:orts  lias  placed  the  same  at  tlie  dis- 
posal of  the  ]iublic. 

Dui'ing  1008-00  an  examination  was  made  of  the  active  water 
works  in  the  State,  including  those  owned  and  operated  by  municipali- 
ties, corjioiations  and  piivate  individuals,  involving  755  separate 
systems.  The  1751  existing  cliarters  of  water  comxianies  were  also 
reviewed,  and  the  status  of  eacli  investigated  to  determine  whether 
or  not  advantage  liad  been  taken  of  the  charter  rights.  The  results 
of  this  extended  stinly  were  publi.shed  in  the  1000  report. 

A system  of  stream  discharge  measnrement.s,  to  determine  the 
daily  tlow  of  streams,  undertaken  by  the  Commission  in  1007,  has 
been  maintained  and  enlarged.  Some  of  the  large  rivers  and  a few 
smaller  streams  had  been  i»reviously  gaged  by  tlie  United  States 
Covernment  or  by  local  authoiities.  In  the  1011  report  of  the  Com- 
mission all  relialde  data  of  stream  discharge  were  collected,  revised 
and  ]iublished,  to  present  in  one  volume  complete  records  of  reliable 
stream  flows  in  I’ennsylvania,  which  is  believed  to  be  the  most  ex- 
tensive and  complete  published  by  a State.  The  1012  records  ap- 
pear in  Appendix  B to  this  report. 
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An  investigation  was  made  of  the  navigation  on  Pennsylvania 
streams,  incliiding  the  early  nse  before  improvement;  and  a thor- 
ough collection  of  data  concerning  the  State  and  Corjmrate  Canal 
Companies  and  their  systems  of  navigation,  as  well  as  the  extent  of 
the  use  of  the  rivers  for  this  i)nrpose  to-day,  has  been  made. 

A census  has  been  made  of  the  develo]»ed  water  powers,  and  also 
an  investigation  of  outstanding  water  power  charters.  Recoid  was 
obtained  of  over  2,000  grist,  tloui-  and  saw  mills  operated  by  water 
power.  Their  total  capacity  is  considerable,  but  most  of  them  either 
cease  operating  in  dry  seasons  or  use  auxiliary  ])ower,  and  numerous 
others  are  in  poor  physical  condition;  tlie  total  number  in  use  is  de 
creasing  rapidly. 

The  largest  develo]unents  of  water  power  in  Pennsylvania  are 
on  the  Susquehanna  watershed,  where  a total  of  1 12,700  horse  power, 
rated  cai)acity,  is  installed  in  four  ]!lants,  106,000  horse  power  be- 
ing on  tlie  main  river  lielow  Harrisburg,  where  two  ])lants  have  in- 
stalled 86,000  and  20,000  horse  power,  res])ectively.  The  remaining 
6,700  horse  power  is  in  two  plants  of  4,000  and  2,700  horse  ])ower 
capacity,  respectively,  on  the  Frankstown  and  Paystown  branches  of 
the  Juniata  river,  in  the  vicinity  of  Huntingdon.  The  available 
power  of  the  Lehigh  river  has  probaldy  been  more  fully  utilized  than 
that  of  other  streams,  although  it  is  far  from  complete.  Along  this 
stream  from  Mauch  Chunk  to  Easton  the  fall  between  the  Lehigh 
Coal  and  Navigation  Company  canal  and  the  Lehigh  river  has  been 
developed  through  the  installation  of  a total  of  over  5,000  horse 
power  of  wheels.  Similarly,  on  the  Schuylkill  river,  the  fall  between 
the  Schuylkill  Navigation  Company  canal  and  the  river  is  utilized 
by  manufactories  and  hydro-electric  plants,  between  Heading  and 
Philadelphia,  to  the  extent  of  3,500  installed  horse  power. 

In  the  western  part  of  the  State  there  is  practically  no  hydro-elec- 
tric development  on  the  Allegheny  and  Mononaahela  water.sheds, 
but  on  the  lower  five  miles  of  the  Leaver  river  manufacturing  and 
hydro-electric  plants  have  ins^talled  2,800  horse  power  of  turbines. 

Those  mentioned  are  all  of  the  important  water  power  develop- 
ments in  the  State.  Many  are  ]»roiected,  however,  and  during  the 
last  two  years  charters  have  been  granted  covering  the  development 
of  over  175,000  horse  power  by  five  extensive  ]»rojects.  The  pro- 
posed plants  differ  from  those  now  operating  in  an  important  re- 
spect,— in  that  the  present  hydro-electric  plants  are  all  operating 
on  unregulated  rivers,  and,  therefore,  have  a greatly  fluctuating  out- 
ymt;  while  those  recently  incorporated,  with  one  exception,  involve 
th.e  practically  complete  storage  and  regulation  of  the  streams  to 
be  used  and  thorough  utilization  of  the  ]iower  thereof,  the  output 
being  mostly  primary  power.  These  developments  involve  high  dams, 
large  storage  reservoirs  and  equable  flow  throughout  the  year,  which 
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would  benefit  the  dry  weather  tlow  of  the  rivers  to  which  the  de- 
veloped streams  are  tributary,  reduce  the  floods  thereon,  and  im- 
prove navigation. 

Tlie  nndevelojied  water  p(»wer  lesources  should  be  completely  in- 
vestigated, and  thiougli  its  stream  gaging  system  the  Commission 
has  taken  an  important  step  to  advance  this  study.  The  location 
and  examination  of  storage  reservoirs  is  a factor  of  moment  in  con- 
sidei-ing  tliis  phase  nf  the  utilization  of  tlie  streams,  and  it  will  re- 
Cjuire  generous  ajiprojuiations  to  investigate  this  (piestion  thor- 
oughly. At  the  same  time,  the  problem  of  stream  regulation  for  in- 
crt'asing  dry  weather  flow,  navigation  and  flood  reduction  should 
be  studied. 

It  is  to  be  regretted  that  a systematic  investigation  of  this  sort 
was  not  made  before  our  streams  became  so  generally  followed  by 
railroads,  and  l)ordered  by  settlements,  for  these  may  increase  the 
cost  of  the  development  of  valuable  water  powers  beyond  economic 
limits.  Under  the  Act  of  May  28th,  1907,  the  Commission  has  been 
able  to  reserve  at  least  one  valuable  water  power  stream  for  such 
use,  by  determining  the  jioint  at  which  a railroad  should  cross  it, 
so  as  not  to  intei'fere  with  the  ultimate  development  of  the  stream. 
It  is  hardly  reasonable  to  hold  iip  railroad  development  because  it 
lias  not  been  determined  whether  or  not  water  power,  navigation  or 
storage  should  be  given  ]»reference  on  a certain  stream;  but  if  a 
systematic  study  had  been  made  and  the  best  utilization  of  the  im- 
portant streams  already  determined,  such  questions  could  be  more 
readily  settled.  The  State  should  pass  ujion  the  occnjiancy  of  a 
stream  valley  by  a railroad  before  its  charter  is  granted  or  work 
commenced.  A comprehensive  ]>lan  of  develojuuent  and  utilization 
of  the  water  resources  should  lie  built  upon  tbe  foundation  laid  by 
the  Commission,  which  should  lie  done  speedily,  so  as  not  to  retard 
legitimate  industrial  development,  whether  such  utilization  and 
the  regulation  of  the  flow  of  streams  is  to  be  undertaken  by  State 
or  jirivate  enterprise. 

The  two  largest  recently  approved  water  power  projects  were 
granted  subject  to  certain  restrictions  and  limitations,  which  it 
was  considered  necessary  to  attach  to  the  charters  owing  to  the  ab- 
sence of  legi.slation,  lint  all  subsequent  applications  for  water  power 
(•barters  have  been  held  under  advisement,  pending  the  passage  of 
laws  more  fully  covering  the  subject.  The  changes  which  have  been 
taking  place  in  hydro-electrical  development  have  not  been  kept 
}iace  with  in  legislation,  and  the  session  of  1913  should  jirovide  the 
necessary  laws  giving  projier  jurisdiction  to  the  State  over  such  cor- 
])orations.  Following  are  the  condiiions  of  approval  referred  to. 
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CONDITIONS  IN  RE  APPROVAL  OF  MERGER  OF  CLARION  RIVER 

POWER  COMPANY. 

Approved  May  2Sth,  1012,  subject  to  the  following  conditions: 

“First.  That  the  corporation  formed  liy  the  above  proceedings  in 
merger  and  consolidation  shall  not  construct,  erect,  or  build  any 
dam,  wall,  wing-wall,  wliarf,  pier,  embankment,  abutment,  projection 
or  other  obstruction  in  or  along  any  river  or  stream,  nor  in  any 
manner  change  or  diminish  the  course,  current  or  cross  section  of 
any  river  or  stream,  unless  and  until  the  company  hereinabove 
named  shall  have  submitted  to  the  Water  Supply  Commission  of 
Pennsylvania  complete  maps,  plans,  profiles  and  specifications  and 
such  other  information  and  data  as  the  said  Water  Supply  Commis- 
sion of  Pennsylvania  may  deem  necessary  relating  to  any  proposed 
dam,  wall,  wing-wall,  wharf,  pier,  embankment,  abutment,  projec- 
tion or  other  obs^^ruction,  and  a majority  of  the  members  of  the 
Water  Supply  Commission  of  Pennsylvania  shall  have  approved 
the  same: 

“Second.  That  on  or  before  IMay  1st,  1913,  there  shall  be  pre- 
sented to  The  Water  Supply  Commission  of  Pennsylvania  the  fol- 
lowing data,  determined  by  actual  phy.sical  inspection,  test  and 
survey : 


“(at  An  accurate  map  of  the  area  flooded  by  each  dam,  with 
contours  sutficient  to  calculate  the  quantity  of  water  impounded 
at  various  depths;  also  revised  data  concerning  rainfall,  run- 
off, available  storage,  and  the  effects  u])on  them  by  drought  or 
freshet  conditions.  Ahso  the  extent  to  which  the  reservoirs 
formed  can  be  used  to  ameliorate  floods  in  the  Clarion  and 
Allegheny  rivers ; 

“(b)  Design  of  each  dam  with  spillways,  drains,  and  other 
appurtenances,  showing  its  ju'oportions,  with  stress  diagrams, 
demonstrating  the  stability  and  adaptability  to  the  site  se 
lected ; 

“(c)  Definite  information,  obtained  by  suitable  investigation, 
concerning  the  character  of  foundation  upon  which  the  dam 
will  rest,  and  of  the  geological  structure  of  the  side  slopes  of 
the  valley; 

“(d)  Method  proposed  for  utilizing  the  water  power,  in 
sufficient  detail  to  advise  The  Water  f^upply  Commission  of 
Pennsylvania  of  the  location  and  character  of  power  station, 
with  its  equipment,  and  of  the  distribution  of  the  jiower  de^ 
veloped. 

“The  data  as  to  foundation,  side  slopes,  i»roportion  of  the 
dam,  spillway,  power  station,  and  other  appurtenances,  to  lie 
accom]>anied  by  reports  from  at  least  two  engineers  of  recog- 
nized standing,  and  familiar  with  similar  structures,  as  to  theh- 
stability,  sufficiency,  and  adaptability  for  the  purpose  and  loca- 
tion indicated. 
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“Third.  That  the  requirements  of  the  Corps  of  Engineers,  United 
States  Army,  in  charge  of  the  Allegheny  river,  as  to  the  minimum 
stream  discharge,  must  be  embodied  in  any  plan  for  using  the  water 
stored,  as  well  as  the  rights  of  lower  riparian  owners  to  have  avail- 
able at  all  times  at  least  the  minimum  stream  flow,  as  determined 
by  The  Water  Sujiply  Commission  of  Pennsylvania,  must  be  pro- 
tected. 

“Fourth.  That  the  construction  of  the  dam  must  be  under  the 
l»ersonal  sn})ervision  of  an  engineer  skilled  in  this  branch  of  his  pro- 
fession, who  must  be  constantly  represented  by  competent  inspectors 
to  issue  that  the  construction  is  carried  out  in  strict  conformity 
with  the  plans  and  specifications  which  may  be  a]»proved  by  the  Com- 
mission; this  to  be  entirelj^  independent  of  such  inspection  and 
oversight  as  the  Commission  elects  to  give  to  the  work. 

“Fifth.  That  the  company  hereinahove  named  must  satisfy  the 
Commission,  by  written  testimony  satisfactory  to  the  Commission, 
on  or  before  Novend)er  1st,  1913,  of  its  ability  to  carry  the  constiaic- 
tion  forward  promptly  and  continously,  a requirement  which  is  de- 
manded by  the  influence  which  the  proposed  improvement  will  have 
upon  the  property  values  affected. 

“Sixth.  That  the  opeiation  of  reservoirs,  in  so  far  as  the  con- 
trol of  floods  and  the  maintenance  of  low  water  flow  is  concerned, 
shall  be  subject  to  the  direction  and  jniasdiction  of  the  Water  Sup- 
ply Commission  of  Pennsylvania. 

“Seventh.  That  in  disposing  of  the  power  produced  by  the  said 
comi)any,  the  ])reference  shall  be  given  to  individuals,  corporations 
and  committees  within  the  State  of  Pennsylvania,  upon  equal  terms 
and  conditions  of  payment  for  the  same; 

“Eighth.  That  this  charter  shall  not  go  into  effect  until  the 
fomjtauy  shall,  pursuant  to  corporate  action,  accept  the  same  by  its 
proper  officials,  covenanting  at  the  same  time  that  a failure  to  com- 
ply with  the  conditions  herein  named  shall  work  a revocation  of  its 
privileges  by  said  charter  granted;  said  acceptance  shall  be  filed  in 
the  office  of  the  Water  Snp])ly  Commission  of  Pennsylvania,  and  a 
copy  thereof  in  the  office  of  tlie  Secretary  of  the  Commonwealth, 
within  thirty  (30)  days  after  the  issuance  of  Letters  Ihitent  by  the 
Governor  of  the  Commonwealth.” 

PYMATUNING  SWAMP  INVESTIGATION. 

An  important  step  in  the  develoinnent  of  our  water  resources  was 
taken  during  the  year  in  the  completion  of  an  examination  and  re- 
I)ort  by  the  Engineering  Corps  of  the  Commission  upon  the  feasibil- 
ity of  constructing  a storage  reservoir  in  Pymatuning  Swamp, 
Crawford  county.  This  swamp,  covering  over  10,000  acres,  lies  at 
the  headwaters  of  the  Shenango  river,  which  passes  through  Green- 


ville,  Sharon,  Farrell,  and  Xew  Castle,  thence  into  the  Beaver  river 
and  later  into  the  Ohio  river.  The  dry  weather  liow  of  tliis  stream 
as  the  report  shows  is  insufficient  for  tlie  industrial  and  domestic 
uses  re([uired  of  it,  while  on  these  streams  the  value  of  water  i)owers 
is  decreasing;  sanitary  conditions  are  bad,  and  frequent  damage  is 
caused  by  floods.  The  report  demonstrates  that  the  construction  of 
a reservoir  in  this  swamp,  to  store  sixty-one  thousand  million  gal- 
lons, is  feasible  and  will  give  an  ample  water  supply"  the  year  around, 
improve  the  water  power  and  sanitary  conditions  iir  the  lower  valley, 
and  reduce  flood  damage.  The  full  report  of  the  Commission  on  this 
project,  which  was  made  as  a resirlt  of  a special  appropriation  by 
the  Legislature  of  1911,  is  attached  to  this  report  as  Appendix  A. 
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CHAPTER  11. 

FAILURES  AND  PARTIAL  FAILURES  OF  DAMS  IN  PENNSYLVANIA. 

Examinations  of  dams  wliioli  have  failed  wholly  or  in  part,  aud 
slndy  of  reports  and  descriptions  of  such  structures,  are  fertile 
sources  from  which  to  oirtaiu  jiractical  knowledge  couceriiiiig  meth- 
ods of  designing  and  building  them,  and  the  Commission  has  made 
it  a point  to  obtain  such  information  whenever  i)ossible. 

Exeeediiigly  few  of  the  large  dams  in  Pennsylvania  have  failed; 
but  tliiee  great  catastiophies  have  unfortunately  resulted  from  this 
cause. — at  Johnstown,  in  1881);  at  Oakford  Park,  in  1003,  and  at 
Austin,  in  1!)1],  resulting  in  the  loss  of  2,14fl,  23  and  77  lives  re- 
s]>ective]y.  The  majoiity  of  injirred  dams  have  been  small,  unim- 
[jortant  stiaictures,  causing  little  injury.  ‘When  large  and  important 
dams,  have  failed  investigation  has  proved,  unfortunately,  that  suf- 
ticient  caution  and  thoroughness  have  not  been  exercised  in  the 
design,  construction  ami  maintenance. 

Table  ZS'o.  8 gives  2S  of  the  laiger  dams  in  Penn.sylvania  which 
have  sutfered  total  or  partial  failure.  Some  of  these  have  resulted 
in  the  absolute  demolition  of  the  structure,  aud  complete  and  rapid 
emjdying  of  the  resei'voir,  re(piiring  entire  rebuilding  or  abandon- 
ment. Otheis  atlected  oidy  portions  of  the  dams,  and  did  not  result 
in  the  entire  loss  of  stored  water.  These  28  dams  have  failed  or 
have  been  injui-ed  within  the  last  twenty-five  years,  and  there  have 
doubtless  been  numerous  others  of  which  record  has  not  been  ob- 
tained. Eour  of  them  have  resulted  directly  iu  the  loss  of  life,  and 
many  have  caused  property  loss  oidv  in  so  far  as  the  structure  itself 
is  concerned. 


List  of  Failures  or  Partial  Failures  of  Dams  in  Pennsylvania. 


36 


36 


In  the  following  pages  desoi-ijitions  of  certain  of  the  failures  or 
partial  failures  listed  in  the  above  table  are  given.  Unfortunately, 
fall  details  could  not  be  obtained  concerning  all  of  these,  but  an  at- 
tempt is  l)eing  made  to  secure  information  regarding  the  remainder. 

An  analysis  of  Table  AAj.  8 indicates  that  16  of  the  28  dams  were 
earthen  structuies,  G masonry  and  6 timber  crib.  The  following 
Table  A'o.  b indicates  the  cause  of  tlie  failures  or  injuries  in  each 
of  the  three  types  of  dams. 


TABLE  NO.  9. 

CausL'  of  Failure  or  Partial  Failure  of  Dams  in  Pennsylvania, 


Cause  of  Failure  or  Damage. 
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Earthen 1 4 1 9!  1 

Masonry,  3 1 2 0 0 

Timber  crib 0 3 i 2 ; 0 


Total I 4 P i’  n 1 1 


It  will  1)6  observed  (hat  the  princijial  cause  is  insufficient  spill 
way  ca])acity,  and  that  this  occurs  in  earthen  structures,  resulting 
in  ovei-1o])]!ing  the  eml)aidtnient  and  its  sul)se(iuent  erosion  or  de- 
s( ruction.  In  one  case  of  this  sort  the  presence  of  a concrete  core- 
wall within  tlie  eml)ankment  ajiparently  saved  the  structure  from 
being  carried  mitirely  away. 

The  second  largest  numlter.  is  fiom  im]>roj!er  construction,  which 
means  that  if  these  dams  had  ])een  built  with  care  and  thoroughness, 
with  the  same  dimensions,  they  probably  would  have  been  stable. 
In  the  case  of  the  four  etirthen  dams  wliich  failed  or  were  damaged 
fiom  this  (ause,  tv.'o  were  not  built  of  material  suitable  for  the 
! nr]  os(*,  wliile  Die  oilier  two  failed  during  construction;  in  one  in- 
stame  because  suitable  piovision  was  not  made  for  taking  care  of 
the  hood  flow  in  tlie  stream  and  in  the  other  because  the  core-wall 
was  built  almost  to  its  full  height  in  advance  of  the  embankment. 
In  the  ease  of  the  single  masonry  failure  the  concrete  was  poor,  rvhile 
the  timber  dams  weie  either  not  suitably  tilled  with  stone  or  had 
been  allowed  to  decay. 

The  four  dams  which  failed  from  faulty  design  and  construction 
aie  unfortunately  typical  of  many  such  structures  in  which  the  lay- 
man failed  to  realize  the  necessity  and  advantage  of  securing  engi- 
neering advice,  and  it  is  remarkable  that  so  many  of  such  structures 
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have  withstood  the  test.  It  can  he  claimed  that  the  dams  having  in- 
sufficient spillways  weie  faulty  in  design,  but  the  distinction  has 
been  made  on  accoiuit  of  the  large  percentage  of  failure  fiom  this 
cause. 

Four  of  the  dams  had  faulty  foundations.  Three  of  these  were 
masonry  strnctures,  and  one  was  eaitlien.  It  is  needless  to  say 
that  a good  foundation  is  altsolntely  essential  for  stahili.y  and  effi- 
ciency in  a dam,  and  tliat  the  im]  o:tance  of  seeming  such  fonnda 
tion  increases  with  the  height  of  the  structure. 

One  dam  proved  unsuccessful  because  of  percolation  along  the  pipe 
lines  thiough  the  embankment,  a condition  which  may  jeopardize 
others. 

There  are  many  dams,  possihh"  a thousand  or  more,  of  various 
types  in  Pennsylvania,  and  of  these  between  three  and  four  hun- 
dred store  ccnsiderahle  volumes  of  water  and  wliose  failures  might 
caiise  disaster.  As  our  t^tate  becomes  more  densely  populated  it 
becomes  moie  necessary  to  pi  event  insecure  dams  from  being  built, 
as  the  liability  of  damage  from  a dam  failure  increases.  Few  have 
failed,  and  in  these  cases  the  cause  is  usually  puite  evident.  Many 
of  the  smaller  structures  were  designed  and  built  by  men  inex- 
perienced in  engineering;  and  it  is  believed  that,  by  insisting  on 
proper  engineering  talent  in  tb.e  designing  of  such  stiuctu  es,  the 
State  may,  by  a critical  review  of  the  i)lans  and  specifications  and 
by  careful  and  systematic  inspection  during  construction,  insure  a 
.smaller  ratio  of  insecure  dams.  In  the  case  of  earth  filled  dams,  as 
above  stated,  the  spillway  capacity  is  a vital  point,  and  it  is  hardly 
to  be  expected  that  a man  not  familiar  with  the  variability  of  stream 
flow  will  be  able  to  projierly  estimate  the  dimensions  required  for 
safety.  It  has  been  found  that  in  the  plans  which  have  been  placed 
before  the  Commission,  in  connection  with  applications  for  construc- 
tion of  new  dams,  in  few  cases  has  the  spillway  capacity  been  suf- 
ficient, according  to  the  standards  of  the  Commission. 

At  one  time,  the  predominating  type  of  dam  in  Pennsylvania  was 
the  timber  crib  structure,  stone  or  earthen  filled,  used  for  logging 
and  ice  pond  purposes,  and  for  improving  navigation.  Many  of 
them  have  been  in  existence  for  scores  of  years,  hut  not  being  jtro])- 
erly  maintained  and  kept  in  repair  their  deterioration  has  lieen 
rapid,  and  nnmerons  failures  have  occurred. 

Another  feature  deserving  attention  is  the  existence  of  abandoned 
dams.  Such  structures  are  a menace  and  .should  he  removed.  Of 
this  class  are  dams  which  have  been  Imilt  for  logging  or  ice  ponds, 
and  their  usefulness  has  expired  by  reason  of  discontinuance  of  the 
operations  which  made  their  construction  necessary.  The  attention 
of  the  owners  of  such  dams  is  directed  to  the  juMential  danger  in 
these  structures. 
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AUSTIN  DAM. 

The  Austiu  concrete  (lain  was  constructed  in  l!>h!)  on  Fieeinans 
Knn,  near  Austin,  Potter  County,  which  stream  has  been  used  since 
1902  tor  water  supply  by  the  Bayless  Pulp  and  Ihijier  Company, 
of  Binghamton,  Aew  Vork,  at  its  mill  on  the  creek  about  one-half 
mile  above  the  town.  The  lirst  dam  built  by  this  company  was  a low 
eartlien  stiucture.  witli  masonry  core-wall,  one  mile  altove  the  mill, 
which  pro\ided  a reservoir  of  small  capacity,  and  soon  failed  to 
nu^et  the  increased  Avater  consumption  in  the  plant.  A reservoir  of 
larger  capacity  Avas  decided  ujmn,  and  an  engineer  engaged  to  de- 
sign and  supervise  the  construction  of  a concrete  dam  of  sufficient 
dimensions  to  form  a reservoir  of  2(10, 000, ()()()  gallons  capacity.  Con- 
struction Avork  on  a ]>ercentage  basis  aahs  begun  in  May  and  com- 
pleted in  Novemlier,  1009.  The  concrete  dam  Avas  about  800  feet  be- 
loAv  the  earthen  structure,  nearly  three-(|uarters  of  a mile  above  the 
paper  mill,  and  one  and  one-(|uarter  miles  above  the  center  of  the 
village.  The  reservoir,  as  constructed,  had  a ca])acity  of  appromi- 
mately  350,000,000  gallons,  the  pool  being  3,300  feet  long  and  500 
feet  Avide,  and  the  area  of  the  Avater  surface  about  35  acres.  On  Sep- 
tember 30th,  1011,  this  dam  sulfeied  comidete  failure,  resulting  in  the 
loss  of  77  lives. 

Freemans  Bun  drains  an  area  of  34  square  miles  in  the  south- 
Avestern  ]>art  of  Potter  County,  joining  the  lirst  fork  of  Sinnemahon- 
ing  Creek  at  Costello.  At  Austin,  three  miles  above  its  mouth,  the 
stream  forks,  the  main  branch  draining  an  area  of  15  square  miles, 
and  the  aatsI  branch  an  area  of  12  square  miles.  The  Bayless  dam  is 
on  the  main  stream,  the  drainage  area  above  consisting  of  14  square 
miles  of  mountainous  land,  almost  entirelA"  denuded  of  timber.  The 
runotf  fi'oin  this  territoiy  is  rapid  and  the  stream  is  llashy  in  char- 
acter, the  yearly  rainfall  over  this  district  averaging  about  40  inches. 

BeloAv  the  dam  the  valh^y  folloAvs  a straight  line  to  Austin,  de- 
scending some  15  feet  in  the  1|  miles,  and  being  from  600  to  1,000 
feet  in  Avidth,  Avith  steep  and  barren  hillsides.  Below  Austin  the 
valley  becomes  narroAvei',  and  the  side-hills  are  steeper  and  partly 
limbered.  This  portion  of  the  valley,  and  that  of  the  West  Brandi, 
is  folloAved  by  the  Butfalo  & Susquehanna  Baili'oad,  while  the  main 
stream  above  Austin  is  folloAved  only  by  a ])ublic  highway.  The 
borough  of  Austin  had  a i>opulation,  before  the  flood  of  September 
30th,  1011,  of  approximately  3,000,  AA’hile  the  population  of  the 
toAvn  of  Costello  Avas  about  500.  The  houses  in  Austin  followed  the 
main  stream  above  and  beloAV  the  forks  and  the  West  Branch  of 
Freemans  Bun,  Avith  a majority  of  the  houses  and  mills  in  the  flat 
along  the  main  .stream. 

The  neAv  dam  aauus  constructed  of  boulder  concrete,  approximately 
550  feet  long  on  top  and  of  a maximum  height  of  practically  50  feet. 
The  Avidth  of  the  crest  Avas  30  inches  and  the  maximum  Avddth  on 
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the  base  30  feet,  the  upstream  face  being  vertical,  with  a rolled  eiii- 
bauivmeut  placed  against  it  to  within  30  feet  of  the  crest.  The 
spillway,  which  was  in  the  center,  was  40  feet  long  and  30  inches 
deep. 

The  following  description  of  the  construction  and  the  accompany- 
ing Figure  3 are  taken  from  the  Fngineciing  isews  of  fdareii  xTili, 
1910: 

“The  entire  valley  is  underlain  with  sandstone  rock  in  horizontal 
layers  running  from  S inches  to  3 feet  thick.  Between  these  layers 
beds  of  shale  and  disintegrated  sandstone  were  located,  but  there 
were  very  few  vertical  cracns  to  be  observed  in  the  bed  of  rock.  Upon 
the  surface  of  the  rock  there  was  from  5 to  S feet  of  earth  and  com- 
pacted gravel  deposited  from  the  washings  of  the  side-hills.  This 
was  so  well  cemented  together  that  it  xvas  removed  with  rrtmost 
difficulty,  and  but  little  water  tittered  through  it  into  the  founda- 
tion trench  during  construction. 

“In  preparing  the  foundation  all  loose  rock  was  removed  and 
the  concrete  only  started  after  a solid  stratum  of  at  least  2 feet 
thick  was  encountered.  The  surface  of  the  rock  was  well  washed  and 
grouted.  A cut  off  wall  1 feet  thick  and  1 feet  deep  was  built,  as 
shown  upon  plan.  Fig.  2,  and  in  every  case  this  cut-off  wail  was 
carried  down  to  good  rock.  In  order  to  reinforce  the  dam  twisted 
steel  rods  inches  in  diameter  and  25  feet  long  were  built  into 
the  wall  vertically  5 feet  inside  of  the  upstream  face.  Holes  were 
drilled  into  the  foundation  rock  from  5 to  S feet  deep,  and  2.00  feet 
between  centers,  and  the  steel  rods  with  exx>ansion  bolt-heads  were 
placed  into  these  holes,  which  were  then  groirted. 

“Upon  each  side  of  the  spillway  a pilaster  was  built  which  was 
reinforced  by  -|-inch  steel  rods  to  prevent  cracking.  The  toi>  12 
feet  of  tlie  dam  was  reinforced  with  1-inch  steel  rods  spaced  2 feet 
vertically  and  4 feet  horizontally  to  prevent  cracking.  Againsi  the 
uijstream  face  of  the  dam  an  earthen  embankment  was  laid  at  a 
slope  of  3 to  1 and  reached  to  within  27  feet  of  the  normal  water 
level  at  the  uirstream  face  of  the  dam.  This  embankment  was  com- 
posed of  disintegrated  shale,  day  and  some  loam,  free  from  large 
stones,  and  was  carefully  compacted  by  grooved  rollers  in  b to  8 
inch  layers,  the  w'ork  being  carefully  and  w'ell  done. 

“The  dam  was  comx)Osed  of  cyclopean  concrete,  with  large  quarry 
stone,  from  1 to  2 cu.  yd.  size,  embedded  tirndy  in  wet  concrete. 
These  stones  were  placed  so  as  to  break  joints,  both  as  headers  and 
stretchers,  and  surronnded  with  not  less  than  0 inches  of  con- 
crete, generally  much  more.  In  every  case  the  concrete  was  built  in 
sections,  and  the  steps  dove-tailed  both  horizontally  and  vei-tically. 
In  building  into  the  side-hills  great  caie  was  msed  in  getting  down 
to  good  firm  rock  foundation  before  any  concrete  was  laid. 
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“The  iiuiterial  for  l)uildiiig  the  clam  was  secured  from  quarries 
oi>eued  at  either  end  of  the  dam,  where  duplicate  crushers  and  mix- 
ing jtlauts  were  located.  The  sand  was  secured  by  crushing  the 
standstones  with  rolls  and  screening  through  sand  pans.  The  com- 
position of  the  conci’ete  was  one  part  Portland  cement,  three  parts 
of  sand  and  six  i)arts  of  broken  stone.  Each  shipment  of  cement,  as 
received,  was  tested  upoii  the  works  by  the  resident  engineer,  who 
also  made  numerous  tests  to  ascertain  the  ditl'erence  between  the 
tensile  strength  when  using  washed  bar  stand  and  the  sand  se- 
cured from  crushing  stone.  In  every  case  the  mixture  containing 
the  sand  from  the  crushed  stone  gave  the  greater  tensile  strength. 

“The  concrete  was  handled  iu  two  ways.  At  the  two  ends  it 
was  inn  down  chutes  upon  the  dam,  and  there  slioveled  into  place. 
In  the  middle  of  the  valley  the  cableway"  stretched  across  the  valley 
carried  tlie  concrete  in  buckets  to  the  wall,  where  it  was  shoveled 
into  place.  In  every  case  it  was  well  turned  over  and  mixed  after 
leaving  the  mechanical  mixer.” 

The  dam  contained  10,000  cu.  yds.  of  concrete  and  6,400  cu.  yds. 
of  emltaidcment,  and  is  said  to  have  cost  about  .f 75, 000. 

An  Jiccount  of  its  condition  between  the  time  at  which  it  was 
com])leted  December  1st,  1000,  and  its  collai)se,  on  September  30th, 
1011,  together  with  a description  of  its  partial  failure,  and  drawing 
illustiative  thereof,  is  quoted  from  an  article  by  Frank  P.  McKibben, 
Professor  of  Civil  Engineering,  Lehigh  University,  in  the  Journal 
of  the  Engineers’  Society  of  Pennsylvania,  January,  1912: 

“In  I)ecend)er,  1000,  after  the  dam  was  completed,  and  before 
ihere  was  any  Avater  in  the  reservoir,  two  vertical  cracks  appeared, 
one  51.3  feet  to  the  west  of  the  spilhAmy  and  the  other  39.5  feet  to 
the  east  thereof.  These  cracks  were  about  one-sixteenth  inch  wide 
and  extended  from  the  ground  to  the  crest,  and  Avere  due  to  con- 
ti-action.  In  Januaiy,  1910,  the  reservoir  filled  so  that  on  January 
21st,  Avater  Avas  flowing  over  the  spilhvay.  On  January  22nd  there 
Avas  a landslide  on  the  east  hill  on  tlie  doAvnstream  side  of  the  dam 
and  Avater  Avas  passing  11-om  under  this  slide.  Furthermore,  water 
l>assed  under  the  structure  and  came  up  Ihrough  the  ground  on  the 
doAvnstieam  side  seveial  feet  below  the  dam.  The  next  day  that 
])ortion  of  the  structuie  betAveen  “a”  and  “b,”  Eig.  3,  slid  doAvn- 
slream  IS  inches  at  the  bottom  and  31  inches  at  the  top,  and  ac- 
cording to  Engineering  NeAvs  this  sliding  was  a maximum  at  a 
joint  ‘h’  and  running  out  to  notliing  at  ‘c’  and  hi.’  The  crack  at 
‘a’  o]iened  4 inches,  at  ‘h’  41  inches  and  at  ‘e’  and  ‘f’  24  inches  at  the 
bottom  on  the  doAvnstream  face  but  pinches  nearly  together  on 
llie  n]>streaTn  face.’  The  reservoir  was  then  emptied  and  the  water 
jiressure  on  the  upstream  face  thus  released  by  removing,  with  dyna- 
mite, an  uiqiej-  portion  of  the  dam  at  the  west  end,  a large  “V” 
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shaped  section  nearly  15  feet  deep  just  east  of  the  spillway,  and 
also  a wooden  cap  from  the  dowiistieam  end  of  the  clean-out  pipe. 
After  the  reservoir  was  emi)tied  it  was  seen  that  the  rolled  embank- 
ment which  had  been  originally  placed  against  the  upstream  face, 
as  shown  in  Fig.  11,  had  been  washed  out  for  a distance  of  about 
100  feet  on  each  side  of  the  intake  chamber  and  that  each  side 
wall  of  this  chamber  had  a crack  about  18  inches  wide.  These  side 
walls  of  the  chamber  were  perpendicular  to  the  dam’s  upstream 
iace,  so  that  a motion  of  18  inches  at  the  bottom  of  the  dam 
caused  a corresponding  crack  of  18  inches  in  the  walls  and  a portion 
of  each  wall  remained  attaclied  to  and  moved  with  the  dam  when 
it  slid. 

“According  to  the  Engineering  News  of  March  ITtli,  1010,  excava- 
tions made  above  the  dam  showed  that  the  rock  foundation  together 
with  the  dam  had  slid  foi  ward,  due  to  water  getting  under  the  founda- 
tion, softening  up  a stratum  of  clay  or  shale  lying  between  two 
layers  of  rock,  and  permitting  one  layer  of  rock  to  slip  forward 
about  18  inches  upon  the  lower  layer.  After  the  strrrcture  had 
moved  and  cracked,  as  above  described,  nothing  was  done  to 
strengthen  it,  but  water  was  again  allowed  to  collect  behind  it  so 
that  in  March,  1910,  there  was  a depth  of  30  feet  of  water  in  the 
reservoir,  and  later  in  the  same  month  the  water  rose  to  within 
two  feet  of  the  overflow  and  two  streams  were  jrassing  under  the 
dam,  appearing  about  10  feet  below  the  toe,  and  another  stream  was 
passing  around  the  east  end  of  the  dam.  Evidently,  then,  the  clean- 
out pipe  was  closed  so  that  the  resei-voir  had  considerable  water  in 
it  two  months  after  the  first  failure.” 

Following  this  partial  failure  plans  were  prepared  for  strengthen- 
ing the  structure,  and  were  submitted  to  the  Bayless  Company  in 
February,  1910,  but  nothing  was  done  toward  carrying  out  the  recom- 
luendations.  Tlie  proposed  method  of  rejraii'  and  strengthening  is 
shown  in  Fig.  2,  and  includes  a rock  load  jdaced  at  a slojre  of 
1+;1  against  the  downstream  face  of  the  dam  and  a “masonry  or 
puddle  wall  or  cut-off  extending  to  impervious  stratum”  a short  dis- 
tance above  the  u])streani  face.  In  September,  1911,  one  of  the  holes 
blown  out  of  the  dam  in  1910  was  i-efilled,  and  the  other  was  in 
process  of  refilling  when  the  reservoir  overflowed  and  the  dam 
failed. 

Heavy  rains  caused  the  rapid  accumulation  of  water  in  the  reser 
voir,  and  on  the  afternoon  of  September  30th,  the  spillway  level  was 
reached  and  the  dam  leaked  badly  at  numerous  points.  About  2.30 
P.  M.,  when  two  inches  of  water  flowed  over  the  crest,  a portion  of 
the  concrete  near  the  west  end  burst  forward  and  was  immediately 
followed  by  a complete  demolition  of  the  structure,  proceeding  in 
sequence  from  the  west  to  the  east  end.  The  water,  released  almost 
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simultaneously  across  the  dam,  picked  up  thousands  of  cords  of 
pul]>  wood  stored  l)(‘tween  the  dam  and  the  pa]»er  mill,  descending 
ui)on  the  town,  causeil  tlie  loss  of  77  lives,  carried  away  buildings, 
streets,  trees  and  all  else  in  its  path,  in  Austin,  and  destroyed 
numerous  buildings  in  r'ostello. 

The  structure  broke  into  eight  major  pieces,  numbered  consecu- 
tively fiom  1 to  8 in  Figure  4,  l»(‘giniiing  on  the  west  side.  Ao.  i is 
the  west  cut-olf  wall  30  inches  wide  on  top,  which  is  still  in  place  for 
about  13r>  feet.  Xo.  2 is  a large  block  of  the  rollway,  20  feet  long, 
immediately  adjoining  the  cut-off  wall,  which  broke  off  about  35  feet 
below  the  crest,  where  its  width  was  18  feet,  pulling  away  from  four 
1|-  inch  twisted  steel  bars,  and  was  deposited  with  its  base  facing  up- 
stream about  lot)  feet  lielow  the  dam.  The  third  l)lock  was  torn 
from  its  foundation,  leaving  a portion  of  the  uiistieam  side  thereof, 
in  ]>lace  above  water,  and  Avas  deposited  some  40  to  50  feet  below  its 
original  position.  The  4th  juece,  100  feet  long,  containing  the 
foundation  and  rollway  section,  moved  downstream  so  that  at  its 
central  point  it  is  21  feet  off  line,  the  west  end  being  a little  upstream 
of  the  east  end.  The  next,  or  5th  luece,  130  feet  long,  ahso  moved 
bodily  downstream,  its  Avest  end  being  a])pioximately  25  feet  off'  line, 
and  the  east  end  about  40  feet,  the  Oj)eniug  betAveen  the  4th  aud  5th 
pieces  being  about  8 feet  at  the  to]»  and  3 feet  at  the  bottom.  This 
jdece  includes  the  sjdllAvay.  A lai  ge  ca  ack  started  at  the  east  end  of  tlie 
sjullAvay,  and  ran  doAvii  the  face  of  the  dam  in  an  irregular  line  to 
the  Avater  line,  Avheie  it  is  several  inches  Avide.  The  tith  piece,  about 
80  feet  long,  likcAvise  moved  doAvnstream  so  that  its  Avest  end  is 
about  00  feet  off’  line,  and  its  east  end  about  25  feet.  BetAveen  the 
5th  and  0th  pieces  is  a large  gajt  about  40  feet  Avide,  in  which  lies  a 
block  of  concrete  Avhich  a]»pears  to  be  that  which  Avas  used  in  refill- 
ing the  gap  blown  out  by  dynamite  as  above  mentioned.  The  7th 
jtiece,  40  feet  long,  is  about  5 feet  off  line  at  the  Avest  end  and  almost 
on  line  at  the  east  end.  The  8th  i)iece  is  the  east  cut-otf  wall  and 
it  is  in  place,  extending  20  feet  out  from  the  bank,  No.  7 having  been 
broken  from  it  at  this  jioint  Avher-e  the  retaining  Avail  section  changes 
to  the  dam  section.  The  doAvnsti-eam  side  of  the  top  of  the  7th 
section  is  almost  touching  the  upsti'cam  face  of  the  top  of  the  8th 
section.  The  .sections  Avhich  moved  are  inclined  slightly  upstream. 

The  exact  cause  of  the  failure  of  the  Austin  coiici’ete  dam  has  not 
yet  been  definitely  determined,  and  cannot  be  until  the  foundation 
is  exjtosed  for  ius]tection.  It  appears  to  be  the  almost  uniAmrsal 
o])inion,  hoAvever,  that  the  dam  failed  by  sliding,  either  on  a plane 
betAveen  the  liottom  of  tlie  concrete  and  the  underlying  strata,  or 
along  a joint  in  the  seamy  rock  foundation.  The  opinion  also  is 
practically  universal  that  there  Avas  upAAmrd  AAmter  pressure  on  the 
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base,  and  along  the  horizontal  construction  joints  in  tlie  concrete 
masonry.  The  following  are  ojnnions  ex])ressed  by  prominent  en- 
gineers, who  have  visited  the  ruined  structure: — 

Alfred  I).  Flinn — Coroner's  Imiuest,  A"ov.  2nd,  I'.tll,  at  ('ouders- 
port,  Pa., — “Im))ioper  foundations,  incorrect  design,  faulty  con- 
strrrctioir,  and  insulticient  supei  visiou  were  the  cairses  of  the  fail- 
ure. The  dam  failed  by  sliding  downstream,  and  l)reaking  into 
several  large  itieces  and  innumerable  small  fragments.” 

John  R.  Fieemau — Eirgineeiing  News,  October  P.tth.  1!)11 — 
“Subject  to  further  infoimation,  it  ajtpeared  to  me  tliat  in  this 
seamy  character  of  the  bed  rock  of  these  Austin  dams,  ;ind  in 
the  lack  of  jnojier  ]uecairtions  t(!  meet  this  condition,  is  found 
tlie  immediate  cause  of  l)oth  failures.” 

Frank  P.  McKibhen — Journal  f)f  the  Engineers'  Society  of 
Pennsylvania,  January,  1!}12 — “Failed  by  sliding,  tirst  on  frag- 
ment ‘O,’  where  all  concrete  slip]»ed  on  the  rrnderlying  strata, 
and  probably  immediately  thereafter  at  the  horizontal  construc- 
tiorr  joint  under  fragment  TI;’  and  then  fragments  ‘F,’  ‘E,’  ‘D,’ 
‘C,’  and  ‘B'  slid  forward  on  the  underlying  strata.” 

Waltei'  IJ.  Sawyer — Engineeiing  Record,  Nov.  4th,  P511 — 
“Failed  by  sliding  along  horizontal  construction  joints,  tilled- 
with  laitance  of  but  little  strength.  Primary  cause  of  failure 
was  poor  ins])ection  and  construction.”  Also,  in  Journal  of  the 
Association  of  Engineering  Societies  for  June,  1912 — “I  believe 
now  that  i»arts  of  the  dam  slid  along  the  upper  surface  of  the 
foundation  rock,  other  ])arts  on  a jdane  between  the  upi)er  layer 
of  the  foundation  rock  and  the  main  body  of  the  rock  itself;  but 
the  larger  part  slid  on  joints  in  the  concrete,  which  were  lubri- 
cated by  the  laitance  left  during  construction.” 

E.  Wegmann — Engineering  News,  October  12th,  191 1 — “I  think 
that  all  engineers  who  have  examined  the  ruptured  dam  will 
agree  that  the  failure  was  due  to  sliding.” 

The  cross  section  of  tlie  dam  is  shown  in  Figure  2 and  (»n  it  are 
indicated' the  lines  of  ])ressure  for  tlie  dam  as  built,  for  reservoir 
einjity;  for  reservoir  full,  with  no  allowance  for  upward  water  jires- 
sure  under  the  base  or  in  the  body  of  the  dam;  and  for  reservoir 
full  with  an  assumed  ujtward  water  pressure  under  the  base  and 
joints  of  the  dam  eipml  to  two-thirds  of  the  hydrostatic  pressure,  due 
to  the  head  at  the  ujistream  face,  and  decreasing  laniformly  to  zero 
at  the  downstream  face.  The  weight  of  the  masonry  was  as.sumed 
to  be  135.4  lbs.  per  cu.  ft.,  which  is  probably  somewhat  low,  although 
on  the  side  of  safety.  So  far  as  can  be  learned,  no  detinite  deter- 
mination has  yet  been  made  of  the  weight  of  the  cyclopean  concrete. 
At  the  instigation  of  Mr.  Walter  H.  Sawyer  tests  for  weight  and  spe- 
cific gravity  were  made  of  samples  of  the  concrete  and  laitance  from 
the  dam  by  Mr.  Herbert  L.  Sherman,  of  Boston,  with  the  following 
results : 
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Specific 

gravity. 

Weight. 
Lbs.  per 
cu.  ft. 

2.46 

153.75 

2.42 

1.72 

107.50 

1.7S 

111.25 

1.68 

106.00 

Calculations  weie  made  of  the  stability  of  the  dam,  using  150 
pounds  }iei‘  cvd)ic  foot  as  the  weight  of  the  masonry,  which  is  in  ap- 
proximate accoi'dance  with  the  7‘esults  of  tlie  tests  (pioted  above. 
Joints  were  assumed  to  be  11  ^ 1^3^  33  and  44  feet  l)elow  the  top  of  the 
dam,  and  at  tlie  base,  as  shoAvn  on  Figui  e 5. 

In  Case  No.  1 the  leservoir  was  assumed  to  be  empty.  The  line  of 
]>ressure  is  found  to  be  slightly  witliin  the  middle  third  at  the  first 
joint  A-B,  11  feet  from  the  top  of  the  dam;  lielow  this  point  it  lies 
just  outside  of  the  middle  third  until  the  liase  is  reached,  where  it  is 
slightly  within  the  middle  third.  The  dam  may  be  assumed  to  be 
stable  under  this  condition,  as  the  pressures  are  not  large. 

In  Case  No.  2,  tlie  reservoir  was  taken  as  full,  l)ut  upward  i)ressure 
was  not  assumed  as  acting  upon  tlie  dam.  The  line  of  pressure  is 
found  to  lie  within  the  middle  third  at  all  joints  until  the  base  is 
reached,  where  it  is  1.2  feet  outsiile  of  the  one-third  point.  The  line 
of  iiressure  should  have  been  kept  within  the  middle  third  of  the  dam 
at  eveiy  joint. 

Ill  Case  No.  3,  the  reservoir  was  taken  as  full,  and  the  dam  was 
assumed  to  be  subjected  to  upward  juessure  on  the  horizontal  joints 
and  the  base,  varying  iiniforml}"  from  two-thirds  of  the  hydrostatic 
jiressure  at  the  ujistream  face,  to  zero  at  the  downstream  face.  The 
line  of  pres.siire  is  found  to  lie  entirely  without  the  middle  third, 
varying  from  0.1  of  a foot  at  joint  A-B  to  2.0  feet  at  joint  G-H,  and 
4.!)  feet  at  the  base. 

The  maxima  pressures  are  found  to  be  4.8  and  0.25  tons  per  square 
foot,  or  07  and  87  ])ounds  jier  square  inch,  respectively  in  Cases  2 
and  3,  which  are  witliin  safe  limits. 

From  the  calculations  it  is  evident  that  this  dam  exhibited  a de- 
cided tendency  to  slide  upon  a horizontal  joint  or  its  base.  In 
Case  3,  the  required  coefficient  of  friction  varies  from  0.00  at  joint 
A-B,  to  0.82  at  the  base;  and  inasmuch  as  0.05  is  the  maximum  allow- 
able coefficient  for  even  the  most  favorable  conditions,  which  certainly 
did  not  exist  in  this  structure,  it  is  plainly  to  be  seen  that  this  dam, 
with  its  shallow  foundations  on  thin  horizontal  layers  of  sandstone, 
shale  and  clay,  was  exceedingly  unstable  in  this  respect. 
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Calculating  this  in  another  way,  we  may  say  that  the  sliding  resist- 
ance of  the  clam  was  not  over  0.5  of  the  weight  of  the  dam  corrected 
for  upward  water  pressure,  or  about  48,000  lbs.  per  foot  of  dam. 
Since  the  horizontal  water  pressure  was  78,000  lbs.,  there  remains 
a difference  of  30,000  lbs.  to  be  provided  for.  The  only  provision  to 
care  for  this  excess  pressure  was  the  setting  of  1^"  square,  twisted 
rods,  25  feet  long,  in  the  foundation  of  the  dam,  5 feet  from  the  up- 
stream face,  and  2 ft.  8 in.  apart.  For  these  rods  to  resist  success- 
fully the  30,000  lbs.  excess  pressure  per  foot  of  length  of  dam  it  would 
have  been  necessary  for  each  one  to  have  resisted  in  shear  a stress 
of  80,000  lbs.,  or  51,000  lbs.  per  square  inch,  and  long  before  such  a 
stress  was  reached  the  concrete  would  have  cracked  or  split  away 
from  the  rods. 

From  the  above  description  and  calculations  it  is  evident  that  this 
dam  was  faulty  in  design  and  construction  in  the  following  re- 
spects : 

That  the  effect  of  upward  pressure  on  tlie  base  and  horizontal 
joints  was  not  provided  for. 

That  sufficient  provision  was  not  made  to  prevent  sliding  on  the 
base  or  joints. 

That  care  was  not  taken  to  prevent  the  existence  of  horizontal 
joints  or  planes  of  weakness,  and  the  laitance  was  not  removed. 

That  the  foundation  was  not  excavated  to  a depth  sufficient  to 
prevent  the  underlying  strata  from  becoming  saturated,  thus  promot- 
ing the  tendency  to  .slide. 

Table  No.  10  gives  the  results  of  the  calculations  in  the  analysis  of 
this  structure. 


Calculations  of  Bayless  Pulp  and  Paper  Company  Dam  at  Austin,  Pa. 
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BROOKVILLE  WATER  COMPANY  DAM. 

A dam  was  built  by  the  Brookville  Water  Company  on  North  Fork 
Creek,  a tributary  of  Bed  Bank  Creek,  in  connection  with  an  exten- 
sion of  the  water  supply  system.  Construction  was  begun  during 
December,  1910,  and  carried  on  througli  1011,  until  January,  1012, 
when  it  was  com])leted.  On  January  1st,  1012,  the  water  works  were 
ptirchased  by  the  Borough  of  Brookville.  The  dam  is  within  the 
borough  limits,  at  a point  about  one-half  mile  above  the  mouth 
of  the  stream  in  Bed  Bank  Creek,  the  total  drainage  area  of  North 
Fork  Creek  being  07  S(iuare  miles.  The  toi)ography  of  this  watershed 
is  rugged,  aud  the  percentage  of  runoff  is  said  to  be  high  and  the 
velocity  rapid.  Below  the  dam  the  stream  has  a rather  wide  channel 
to  its  moiith.  The  capacity  of  tlie  l eservoir  is  said  to  be  10,500,000 
gallons.  The  dam  was  severely  damaged  during  a heavy  rain  which 
occurred  over  the  waterslied  on  July  17th,  1012. 

It  is  an  earthen  structure  with  a concrete  spillway,  its  total  length 
on  the  crest  being  3(50  feet,  and  its  maximum  height  above  the  ground 
surface  1(1  feet.  The  length  of  tlie  earthen  portion  is  2(10  feet  and 
of  the  spillway  section  100  feet,  the  crest  of  the  spillway  being  8 
feet  below  that  of  the  earth  work.  The  earthen  portion  has  a top 
width  of  8 feet,  and  the  up  and  downstream  slopes  are  1 on  2,  the 
former  slope  being  paved  with  from  12  to  18  inch.es  of  hand-laid 
stone  ripra]iping,  and  the  doY'ustream  slope  seeded.  A concrete  core 
wall  extends  thi'oughout  tlie  length  of  the  eiubankmeut,  its  crest 
being  12  feet  below  that  of  the  earth  work.  This  core  wall  has  a 
top  width  of  0 inches  and  the  sides  are  battered  | in.  in  one  foot; 
it  was  also  reinforced  on  the  up  and  downstream  faces  with  steel 
bars  spaced  four  feet  center  to  center. 

The  spillway  section  has  a length  of  102  feet  between  abutments, 
the  elevation  of  the  crest  being  82  feet  and  that  of  the  top  of  the 
embankment  00  feet,  while  the  natural  ground  surface  is  approxi- 
mately 9 feet  below  the  crest.  This  masonry  portion  of  the  dam  has 
an  ogee  section  with  vertical  ui)stream  face,  the  curve  below  the 
crest  having  a radius  of  two  feet,  while  that  at  the  toe  is  of  six  feet 
radius.  The  excavation  for  the  foundation  for  the  spillway  portion 
was  carried  lietween  four  and  seven  feet  below  the  natural  ground 
surface  to  a stratum  of  fine  clay,  of  a yellowish  color,  containing  a 
small  percentage  of  gravel.  The  si)illway  has  a top  width  of  three 
feet  and  a width  at  the  natural  ground  surface  of  71  feet.  The 
foundation,  however,  was  carried  some  distance  downstream  below 
the  natural  ground  surface,  so  that  the  total  width  at  the  base  is  17 
feet.  The  base  of  the  dam  is  keyed  into  the  foundation  in  three 
places,  at  the  up  and  downstream  toes,  and  in  the  center,  these 
keys  being  two  feet  wide  and  one  foot  deep.  It  is  reported  that  it 
was  the  purpose  of  the  builders  to  construct  the  dam  on  rock  founda- 
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lion,  'whicli  it  was  believed  would  be  found  at  a depth  of  four  feet 
lielow  the  surface,  Imt  the  foundation  was  prejiared  for  a distance 
of  about  six  feet,  and  no  lock  was  encountered  at  this  depth.  It 
was  projiosed  originally  to  make  a rock  fdl  below  the  toe  of  the 
ioundation  for  a distance  of  12  feet,  but  this  till  was  not  placed.  A 
trench  foiaued  in  excavating  the  foundation  for  the  spillway  sec- 
tion of  tl:e  dam  was  made  wide]-  than  necessary  and  was  refilled  with 
loose  material  from  the  excavation.  A 72"  blow-off  pipe  was  carried 
thiough  the  dam. 

It  is  estimated  that  the  s]>illway,  below  the  crest  of  the  embank- 
ment at  elevation  t!-b,  lias  a carrying  cajiacity  of  8,550  cubic  feet 
]»ei'  second,  and  that  tin*  caj'acity  of  the  72"  jiijie  is  G50  cubic  feet  jier 
s(‘cond,  making  a total  tl^'od  discbarge  capacity  of  9,200  cubic  feet 
per  second.  This  would  allow  of  a runoff  from  the  07  square  miles 
of  tidbutary  drainage  area  at  the  rate  of  about  05  second  feet  per 
sipiai e mile. 

After  the  dam  was  conndeted  and  water  allowed  to  store  behind  it, 
a vertical  crack  was  leiioi-ted  in  the  s]ullway  section,  about  1,  of  the 
distance  from  the  east  abutment.  The  contractors  who  constructed 
the  sjullway  section  stated  that  tliis  ci-ack  occurs  33  feet  from  the 
face  of  the  east  wing-wall,  at  the  junction  of  two  construction  sec- 
tions. The  entire  dam  ajipeared  to  have  been  well  constructed,  es- 
[X'cially  the  concrete  jio'tions  in  tlie  spillway  section  and  core-wall. 

< hi  the  afternoon  of  July  17th,  1012,  a severe  rain  occurred  iu  Itrook- 
ville  and  over  the  watershed  of  North  Foi'k  (’reek,  reaching  a maxi- 
mum intensity  betwemi  8 and  10  o’clock  in  the  evening.  The  local 
weather  obsei  ver  at  Brookville  reports  that  2.48"  of  rain  fell  during 
the  storm,  and  that,  with  the  exception  of  the  two  hour  period  be- 
tween 8 and  10  P.  Jl.,  the  intensity  of  the  storm  was  moderate. 
Prom  reimrts  received  from  residents  on  the  watershed  above  the 
Borough  of  Brookville  it  would  appear  that  the  intensity  and  dura- 
tion of  the  rain  was  greater  there  than  in  the  borough,  although  no 
records  were  made.  The  creek  began  to  rise  in  Brookville  at  about 
0 T’.  M.,  and  attained  its  maximum  height  about  midnight.  The 
water  rose  rapidly  in  the  sjiillway  of  the  dam,  which  proved  insuffi- 
cient to  pass  it,  and  the  water  overflowed  the  earth  embankment  at 
each  side  of  the  spillway  to  a depth  of  approximately  18  inches. 

Most  of  the  earthen  embankment  on  the  downstream  side  of  the 
concrete  core  wall  was  washed  away,  and  the  top  of  the  earthwork 
on  the  u[)stream  side  of  the  core-wall  was  largely  washed  out  and  the 
stone  riprapping  damaged.  Below  the  spillway  section  the  water  cut 
into  the  west  bank  of  the  stream  to  a distance  of  about  30  feet,  so  that 
the  bard':  extended  along  and  nearly  to  the  toe  of  the  earthen  dam  for 
a considerable  distance.  Tlie  core-wall  was  apparently  well  con- 
structed, as  it  was  not  damaged  in  any  way,  and  probably  prevented 
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a breach  being  washed  througli  the  earthen  portion  of  the  dam.  The 
spillway  was  nninjnied,  althougli  a deep  hole  was  washed  in  the 
creek  bed  just  below  the  downstream  toe  thereof. 

No  gagings  are  available  to  show  the  actual  runoff  from  North 
Fork  Creek  during  this  flood,  although  a rough  approximation  can 
be  made,  considering  the  dam  as  a weir,  the  maximum  depth  of 
water  flowing  over  the  same  being  18"  over  the  embankment  and  9'  6" 
over  the  spillway.  Under  these  assumptions  it  is  estimated  that 
the  maximum  discharge  was  at  the  rate  of  12,000  cubic  feet  per 
second,  which,  with  a watershed  of  about  97  square  miles,  would 
I’epresent  a runoff  at  the  rate  of  approximately  124  cubic  feet  per 
second  per  square  mile. 

CLOVER  RUN  DAM. 

A timber  crib  dam  was  construced  on  Clover  Run  in  1896  by  the 
I’nnxsutawney  Water  Company,  which  company  later  came  under 
the  control  of  the  Lindsey  Water  Company.  The  dam  is  miles 
above  the  mouth  of  Clover  Run,  a tributary  of  the  east  branch  of 
Mahoning  Creek,  about  seven  miles  east  of  the  borough  of  Punxsu- 
tawney,  and  31  miles  above  the  boiough  of  Rig  Run.  The  drainage 
area  above  the  dam  consists  of  seven  square  miles  of  hilly,  cultivated 
land,  while  below  the  dam,  to  the  town  of  Rig  Run,  the  creek  has  a 
rapid  fall  through  an  rrninhabitated  valley.  The  capacity  of  the 
reservoir  is  approximately  65,000,009  gallons.  The  strirctrrre  was 
overtopped  and  part  of  it  washed  out,  after  a heavy  rain,  in  Octol)ei‘, 
1911. 

The  dam  was  brrilt  of  hemlock  timber,  the  cribbing  being  tilled 
with  earth  and  stone.  The  crest  length  is  540  feet,  and  its  height, 
above  the  elevation  of  the  natrrral  grorrnd  surface  at  the  bed  of  the 
creek,  is  aborrt  26  feet.  The  upstream  side  of  the  cribbing  was  faced 
with  2^"  oak  plank  sheeting,  against  which  an  earthen  embairkment 
was  placed  orr  a slope  of  1 orr  2.  The  cribbing  at  each  end  of  the 
dam  is  aborrt  17  feet  wide  on  top,  the  dowrrstream  side  being  perpen- 
dicrrlar,  and  stepped  out  toward  the  center  of  the  strrrctirre,  so  that 
its  width  on  top  for  a length  of  280  feet  in  the  center  was  40  feet. 
The  top  of  the  cribbing  is  aborrt  5 feet  below  the  top  of  the  dam,  the 
upper  5 feet  consisting  of  earth  All.  The  width  of  the  earthen  crest 
was  made  40  feet,  and  the  clay  tilling  continued  over  the  downstream 
side  of  the  cribbing  at  a slope  of  1 on  1|.  Over  all  except  225  feet 
of  the  central  part  of  the  dam  the  cribbing  was  placed  rrpon  the 
natural  ground  sirrface,  while  in  this  central  part  a concrete  forrnda- 
tion  was  constrrrcted,  fonr  feet  irr  depth  and  exterrding  25  feet  down- 
stream from  the  rrpstream  toe  of  the  cribbing.  On  this  corrcrete 
foundation  two  lajmrs  of  2|"  pine  plank  were  secirred,  and  the  timber 
cribbing  spiked  to  the  plank.  A spillway  was  provided  in  the  center 
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of  the  dam,  30  feet  long'  and  feet  deep,  the  sides  and  bottom  of  this 
spillway  being  ])lanked,  and  the  Avater  carried  on  a j)lanked  slope 
over  (he  downstream  face  of  the  cribbing.  A 12"  supply  and  20" 
blow-olf  i)ii»e  were  carried  thiough  the  bottom  of  the  dam,  with  gates 
a I their  ujistream  ends. 

i)n  October  1st,  toil,  after  a heavy  I'ain,  the  spillway  was  overtaxed 
and  water  overllowed  the  embatdcment,  so  that  a ])ortion  of  the  earth- 
woi-k  and  cribbing  in  the  central  jairt  of  the  structure  was  washed 
(Hit.  The  section  destroyed  was  about  21-0  feet  long  aud  extended  to 
a depth  of  about  1.”>  feet  lielow  the  original  crest  of  the  eartlnvork. 
So  far  as  can  be  learned,  no  damage  was  done  in  the  Valley  below  as 
a result  ol  this  tailuie.  it  is  bdicAcd,  from  the  ap}ieaiauce  ot  the 
break,  and  from  such  descriptions  (»f  the  failui'C  as  coidd  be  secured, 
that  the  dam  faih'd  because  of  overto|>]dng,  due  to  iiisufticient  spill- 
way. The  spillway,  3(1  feet  long  and  21  feet  deep,  had  a discharge 
cajaicity  estimated  at  al>out  350  second  feet,  and  provided  for  a run- 
off at  the  rate  r)f  50  second  feet  per  s(juare  mile. 

PORT  PITT  DAM. 

Ihn  ing  the  day  on  which  (he  Oal.ford  Tark  Dam  failed,  another 
small  stuicture  iii  the  same  vicinity  was  wrecked,  causing,  it  is  re- 
ported, the  loss  of  two  lives.  This  dam  was  on  Bull  Buu,  at  a point 
:diout  1 mile  north  of  Jeannette,  Westmoreland  County,  the  tribu- 
tai-y  drainage  area  being  2|  s(piare  miles.  It  was  used  to  impound 
water  for  a glass-works  and  was  about  170  feet  long  on  the  crest  and 
10  feet  high,  constructeil  of  ])uddle,  faced  Avith  compacted  cinders 
Irom  the  neighboi'ing  glass-AA'orks.  The  spilhvay  in  the  embankment 
was  45  feet  Avide  and  3 feet  dee]i,  and  had  a ca[)acity  of  700  second 
feet,  ju'oviding  for  a run-olf  at  the  rate  of  310  second  feet  per  square 
mile  of  tributary  di'aiuage  area. 

During  the  heavy  rainstorm  of  July  5th,  10(13,  the  luu-off  exceeded 
(he  capacity  of  this  spilhvay  aud  the  embankmeut  Avas  overtopped 
a few  inches.  A bi'cach  Avas  Avashed  through  the  structure,  about  90 
feet  l(»ng  aud  to  the  full  depth  of  the  end»aukuieut.  Bull  Bun,  beloAV 
the  dam,  tloAvs  through  (he  borough  of  Jeannette,  aud  the  failure  is 
repoi  ted  to  have  cost  the  loss  of  tAvo  lives  and  considerable  property. 
A pievious  failure  of  this  dam  occuri'ed  in  1800. 

GREEN  LICK  RUN  DAM. 

An  earthen  dam,  built  on  GreeAi  Lick  Bun,  by  the  Citizens  Water 
Com[)any  of  Scottdale,  failed  three  years  SAilrsequent  to  its  com- 
])letion  in  1001,  from  ])ercolation  through  the  foundation  or  lower 
strata  of  embankment.  The  structure  Avas  built  across  Green  Lick 
Buu,  2|  miles  above  its  mouth,  in  Jacobs  Creek,  and  5|  miles  above 
the  borough  of  Scottdale.  The  tributary  drainage  area  consists  of 
approximately  1^  square  miles  of  mountainous  country. 
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The  dam  had  a length  on  the  crest  of  85(1  feet  and  a maxiinnm 
height  above  tlie  original  gronnd  surface  of  about  60  feet.  The  width 
of  the  crest  of  the  embankment  as  6 feet,  the  upstream  slope  1 on  2, 
and  the  downstream  slope  1 on  1.7.  The  spillway  was  at  the  north- 
ern end;  the  area  of  the  water  surface  was  25.1  acres,  and  the  ca- 
pacity of  the  reservoir  106,500,000  gallons. 

The  overburden  in  the  valley  of  Green  Lick  linn  at  the  dam  site 
consists  of  drift  material,  comprised  of  sand,  gravel,  boulders,  and 
clay.  Starting  at  the  northern  end  of  the  dam,  for  a length  of  about 
too  feet  this  overburden  is  yellow  clay,  to  an  average  depth  of  aborrt 
10  feet.  South  of  this  for  a leirgth  of  250  feet,  in  the  low  part  of  the 
valley,  is  a deposit  of  gravel  and  boulders,  of  depth  varying  between 
3 and  12  feet.  For  the  remaining  distance  to  the  sorrth,  the  yellow 
clay  reappears,  containing  deposits  of  sand,  gravel,  and  boulders, 
varying  in  depth  between  7 and  25  feet.  Beneath  these  deposits  the 
geological  structure  of  the  valley  is  as  follows: — 

The  northern  hillside  consists  of  successive  orrtcropi)ings  of  blue 
shale,  sandstone,  shale,  coal,  slatey  shale,  coal,  shale  and  limestone. 
The  limestone  occurs  at  the  foot  of  the  northern  liillside,  and  it  is 
seamy  and  porous.  The  direction  of  the  center  line  of  the  dam  is 
north  21  degrees  west;  and  the  stiike  of  the  limestone  rock  makes 
an  angle  of  77°  10'  with  it.  The  dip  of  tlie  rock  is  north  36°  50'  west, 
making  air  angle  with  the  horizontal  of  27°  10'.  South  of  the  lime- 
stone strata,  the  underlying  material  of  the  valley  consists  of  blue 
shale  or  tire  clay. 

In  preparing  the  site  for  the  embankment  only  the  surface  ma- 
terial was  stripped.  A trench  was,  however,  carried  across  the 
valley,  along  the  center  line  of  the  dam,  to  a varying  depth,  but 
which  did  not  extend,  so  fai-  as  could  lie  learned,  into  the  limestone, 
shale  and  sandstone  rock  at  the  northern  end,  or  into  the  Idue  sliale 
throughout  the  remaining  width  of  the  valley.  The  trench  was  back- 
tilled  with  puddle,  but  did  not  serve  tbe  purpose  of  a cnt-otf,  as  shown 
by  the  excessive  leakage  which  appeared  below  the  dam. 

The  embankment  is  reported  to  have  been  built  of  a gravelly  clay, 
suitable  for  the  purpose,  placed  in  6-in.  layers  and  rolled,  the  up 
and  downstream  faces  being  covered  with  18  inches  of  stone  rip- 
rapping. A considerable  portion  was  built  during  the  winter 
months,  and  was  placed  in  a frozen  condition,  so  that  there  was 
noticeable  settlement  in  the  spring,  and  excessive  leakage  through 
the  earthwork.  An  attempt  was  made  to  stop  this  leakage  by  con- 
structing a puddle  cut-off  throughout  the  length  and  along  the 
center  line  of  the  embankment,  which  cut-off  is  -reported  to  have  been 
carried  to  a depth  of  between  25  and  30  feet  below  the  crest.  It 
did  not,  however,  entirely  cut  off  the  seepage  through  the  embank- 
ment. 


Tlio  s])ill\vay,  wliich  was  constructed  by  excavation  into  bine  shale, 
was  30  I'eet  long,  and  4 feet  deej)  below  the  crest  of  the  embankment. 
Its  cajtacity  was  ai)proximately  950  second  feet,  wliich  would  pro- 
vide for  a rnn-otf  at  tlie  rate  of  about  700  second  feet  per  square 
mile,  and  it  was  tlierefore  of  ample  dimensions.  Three  pipe  lines 
\ver(‘  can-ied  Ihrougli  tlie  endiankment,  one  a 24"  blow-off,  and  two 
sii]q)ly  lines,  10  and  20  inches  in  diameter.  The  valves  were  below 
I lie  downstream  side  of  the  embankment. 

After  the  dam  was  completed  and  the  reservoir  filled  leakage  oc- 
cui-red  tlirough  and  nnderneatli  the  embankment,  much  of  it  appear- 
ing at  a point  about  150  feet  below  the  dowustieam  toe.  A small 
catcli-liasiu  was  I hen  constructed  about  300  feet  below  the  embank- 
ment, in  whicli  (his  escajung  water  was  collected,  and  a pump  was  in- 
stalled to  force  it  back  into  the  reservoir. 

A leak  was  discovered  in  the  embanl  nient  at  the  northern  end  of 
the  dam  in  tlie  nioi-ning  of  July  ITtli,  1904,  and  the  peo])le  in  the  valley 
Ik'Iow  were  warned  of  its  unsafe  condition.  At  about  10  P.  M.  of  the 
same  day  a bi'eacli  was  washed  through  the  dam,  about  450  feet  wide 
on  top  and  extending  to  llie  foundation,  exiiosing  the  limestone  and 
shale  rock  of  the  hillside.  The  faihire  is  rei  orted  to  have  been  very 
sudden,  and  was  caused,  it  is  believed,  partly  by  the  saturated  con- 
(liliou  of  (he  emliaukment  and  partly  by  seepage  which  occurred 
(lirongh  the  fissured  limestone  and  gravel  underneath  the  puddle  cut- 
olf  wall.  This  leakage  ke])t  increasing  in  amount  and  velocity  so 
as  to  luliricate  the  rock  and  undermine  the  embankment,  finally  al- 
lowing a jn-ism  of  the  earth  work  to  be  forced  out. 

Below  the  dam  the  valle}^  of  Green  Lick  Run  is  about  one-eighth 
of  a mile  wide,  and  the  water  is  reported  to  have  risen  to  a height 
of  between  fi  and  8 feet.  There  were  few  houses  in  the  valley  below 
(he  dam,  and  these  were  either  destroyed  or  badly  damaged,  but  the 
timely  warning  prevented  loss  of  life.  Several  liridges  which  crossed 
the  creek  below  the  dam  were  destroyed.  After  the  failure  the  dam 
was  repaired,  and  some  years  later  the  company  changed  owner- 
ship, and  more  extensive  alterations  were  undertaken.  This  repair 
work,  in  a genei'al  way,  consisted  of  facing  the  upstream  slope  with 
selected  impervious  material,  and  facing  the  same  with  12  inches  of 
masonry.  Along  the  upstream  toe  a trench  was  carried  across  the 
valley  to  varying  depths,  into  the  shale  and  limestone  rock,  and  back- 
filled with  4 feet  of  puddle  and  2 feet  of  masonry.  The  dam  has 
since  satisfactorily  served  its  purpose. 

HOSFELD  DAM. 

A long,  low  concrete  dam  was  constructed  in  1908-11,  across 
Gonodoguinet  Creek,  near  Shippensburg,  for  the  purpose  of  secur- 
ing head  and  pondage  to  operate  a small  hydro-electric  plant  to  fur- 
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poriion  of  tlie  wall  had  been  constructed  over  an  old  timber  flume, 
wliicli,  wluai  Uu'  watei'  raised  behind  the  dam,  was  washed  out,  caus- 
ing lli(‘  wall  to  collaj»se.  This  section  was  immediately  rebuilt  on  a 
':'ia\(d  jbiimlal ion,  and  the  reservoir  again  allowed  to  lill. 

Tin*  second  failnre  occurred  duiiug  the  night  of  January  17th,  af- 
ter the  jiower  i)lant  had  heeu  slint  down,  there  being  no  witnesses 

10  this  failnie.  Ice  had  formed  over  the  reservoir  to  a thickness 
of  al}ont  11  inches,  the  top  of  the  ice  being  about  2 feet  below  the 
crest  of  tin*  auxiliary  sjiillway  section.  In  the  operation  of  the 
j'lani,  th(‘  wat»*r  had  been  drawn  down  about  three  feet,  two  feet 
more  tlian  was  (aistomary,  and  the  ice  l»roke  and  settled  several  feet 
away  froJii  the  face  of  the  wall,  leaving  a fan  shajied  ])iece  adheiing 
to  the  wall,  which  had  frozen  against  the  masonry  to  a thickness  of 
between  2 and  •”>  feet.  When  the  evater  rose  during  the  night  the 
ice  was  forced  nii,  and  probably  exerted  a constantly  increasing  pres- 
snr('  or  leverage  against  the  wall,  causing  a section  o3b  feet  long,  and 
about  200  feet  distant  from  the  end  of  the  tirst  spillway  section,  to 
overturn. 

The  wall  broke  into  nine  large  and  a number  of  smaller  pieces, 
the  lai'gest  hdiig  about  70  feet  long.  Fi'om  the  jiosition  of  these 
])ieces,  as  is  indicated  on  the  jilan,  it  would  apj)ear  that  the  center 
of  this  section  was  the  tirst  to  colhijise.  Pieces  A,  B,  (',  1),  <1, 

11  and  T,  and  the  smaller  fragments  beyond  them,  appeared  to  have 
sim])ly  fallen  over  on  their  downstream  faces,  ami  were  lying  about 
30  feet  below  their  oi  iginal  position.  Piece  D'  lay  on  its  dowmstream 
face,  about  ISO  feet  below  the  dam,  and  is  the  ujtper  ])ortion  of  the 
fiagment  I)  which  overturned  on  the  foumlation,  and  lies  only  a 
lew  feet  below'  its  original  ]»osition.  The  ])iece  D'  was  about  35  feet 
long  and  about  5 feet  in  de])th,  its  base  and  the  toj)  of  D being  com- 
])aratively  smooth,  indicating  a construction  joint.  The  ])iece  E 
lay  about  100  feet,  ami  the  ]>iece  F 40  feet,  below'  the  oiiginal  posi- 
tion of  this  .section  of  the  dam. 

An  examination  of  the  fragments  indicated  that  the  structure  ap- 
])arently  failed  by  overTuining  on  the  gravel  foundation,  piece  D' 
also  overturning  along  a construction  joint.  A portion  of  the  con- 
crete base  below'  the  conci-ete  face  remained  in  place,  the  concrete 
breaking  off  along  the  line  (1-1,  repie.sented  on  the  sketch  of  the 
ci-oss-section.  It  Avas  stated  that  the  portion  of  the  AV'all  between 
the  end  of  the  easteim  200  foot  section  of  the  spillAV'ay,  and  the  por- 
tion Avhich  failed,  shoAved  a crack  at  the  angle  betAveen  the  down- 
stream face  and  the  a]»ron  of  the  foundation,  apparently  indicating 
that  this  section  also  stai'ted  to  overturn,  and  fell  back  in  place 
again  Avhen  the  i)ressure  of  the  Avater  and  ice  AA'as  reliev'ed. 

In  the  accompanying  draA\'ing  a typical  section  is  given  of  that 
portion  of  the  dam  Avhich  failed,  and  plotted  on  it  are  limiting  lines 
of  pressure  for  reservoir  empty  and  reservoir  full,  assuming  the  full 
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hydrostatic  head  to  be  effective  to  the  base  and  the  weight  of  the 
masonry  at  IdO  lbs.  per  cul)ic  foot.  The  position  of  the  lines  <d 
pressure  under  these  assumed  conditions  ai-e  shown  only  for  the  pur- 
pose of  indicating  that  the  design  and  construction  was  faulty,  and 
not  for  the  purpose  of  portraying  actual  conditions  at  the  time  of 
failure.  Needless  to  say,  the  determination  of  the  stresses  would 
depend  upon  a numl)er  of  conditions  which  can  only  be  approxi- 
mated, the  earth  and  gravel  fill  tending  to  reduce  the  pressure 
against  the  lower  section  of  the  wall,  and  the  nature  of  the  founda- 
tion leading  one  to  expect  that  there  was  upward  pressure  on  the 
base.  The  ice  pressure,  with  a lever  arm  of  about  tliree  feet,  Avas  un- 
doubtedly great,  and  it  is  believed  that  the  dam  must  have  failed 
before  the  pressrrre  could  have  reached  its  possible  maximum. 

KAUFFMAN  RUN  DAM. 

The  Kauffman  Run  Dam,  Avhich  rvas  built  in  1886  by  the  Potts- 
ville  Water  Company,  is  on  Kauffman  Run,  a tributai'y  of  the  Schuyl- 
kill River,  in  Schuylkill  County,  Pa.,  almut  six  miles  north  of  Potts- 
ville.  The  stream  drains  0.0  of  a square  mile  of  barren  mountain 
land,  and  below  the  dam  it  has  a rapid  fall  and  is  contined  l)etween 
steep  hills.  The  stream  is  followed  by  the  Pennsylvania  and  the 
Philadelphia  and  Reading  Railioads,  and  the  first  settlement  belorv 
the  structirre  is  the  small  borough  of  St.  Clair. 

The  Kauffman  Run  reservoir  has  a capacity  of  120,000,000  gallons; 
it  is  located  about  one  mile  below  the  source  of  the  stream,  and  the 
drainage  area  tributary  to  the  dam  is  0.78  square  miles.  This  dam 
partially  failed  in  1802,  necessitating  its  re  construction. 

The  original  structure  Avas  an  earthen  dam,  55  feet  high,  and  800 
feet  long  on  the  crest.  Its  to])  Avidth  aauas  20  feet;  the  upstream  sloi)e 
1 oil  2,  and  the  doAvnstream  slope  1 on  1|,  both  slopes  being  rij)- 
rai)ped.  The  embankment  consisted  of  saiidA^  clay,  and  contained 
a small  percentage  of  red  shale.  There  Avas  a juiddle  core  through 
the  center  of  the  embankment,  10  feet  thick,  founded  on  red  shale. 
Tavo  12"  pipes  Avere  carried  tliiough  the  embankment,  one  for  supply 
and  the  other  as  a bloAV-off.  It  is  rejmrted  that  neither  of  these 
pipes  was  provided  Avith  collars  or  cut-off's.  The  spillway  Avas  50 
feet  long  and  5 feet  dee]t. 

Leakage  appeared  in  the  doAvnstream  face  of  the  embankment, 
about  half  Avay  up  the  slope,  and  25  feet  above  the  outlet  pi]»e.  It 
Avas  observed  in  the  morning,  and  the  tloAV  increased  in  quantity 
until  noon  of  the  folloAving  day.  When  the  leakage  Avas  discovered 
the  valve  in  the  outlet  ]tipe  Avas  opened,  and  the  water  lowered  in 
the  reservoir,  so  that  the  leakage  stopi»ed.  It  Avas  not  however  of 
sufficient  amount  or  duration  to  cause  a breach  through  the  enibauk- 
ment,  and  the  prompt  action  of  the  company  in  draAviiig  off  the  water 
in  the  reservoir  probably  saimd  the  dam  from  comydete  destruction. 
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The  ofiflcers  of  the  Pottsville  Water  Company,  upon  the  advice  of 
engineers  decided  that  it  would  be  unwise  to  attempt  to  use  the 
dam,  or  to  endeav  or  to  repair  the  structure  by  cutting  off  the  leak- 
age. It  was,  therefore,  decided  that  it  should  be  entirely  rebuilt, 
which  work  was  started  in  1S96.  The  new  dam  was  built  just  below 
the  old  one,  and  part  of  the  embankment  was  formed  of  selected 
material  secured  from  the  old  structirre.  The  rrew  dam  contained  a 
concrete  core-wall,  9 feet  wide  at  the  bottom  and  3 feet  wide  on  top, 
which  was  founded  on  sliale  rock.  The  width  on  top  was  made  20 
feet,  and  the  slopes  of  the  embankment  were  1^  to  1 on  the  down- 
stream side,  and  2 to  1 on  the  upstream  side.  The  sfjillway  Avas 
made  of  the  same  dimensions  as  that  of  the  old  one,  namely,  50  feet 
long  and  5 feet  deep;  the  capacity  of  which  was  ample,  being  about 
1,700  second  feet. 

KETNER  DAM. 

A dam  belonging  to  the  Buffalo,  Eochester  & Pittsburgh  Railway 
Company,  on  Johnson  Run,  near  Johnsonbirrg,  failed  when  about 
50  per  cent,  completed,  on  August  28th,  1011,  about  one  month  before 
the  failure  of  the  Austin  Dam.  Immediately  after  the  failure,  the 
dam  was  re-built,  with  however  some  sligiLt  moditications  in  the  de- 
sign and  was  put  in  service  in  July  1912. 

The  estimated  capacity  of  the  reservoir  formed  by  this  structure  is 
92  million  gallons.  It  was  being  built  for  the  purpose  of  impounding 
water  for  the  railway  company,  at  Johnsonburg,  about  5 miles  below 
the  site  of  the  dam,  on  the  Clarion  River.  Johnson  Run  is  a tribu- 
tary of  the  Clarion  River,  joining  that  stream  about  4 miles  above 
Johnsonbirrg.  Its  drainage  area  is  11  square  miles,  while  that  tribu- 
tary to  the  dam  is  approximately  8 scpiare  miles,  consisting  of  un- 
inhabited, deforested  mountain  land.  Between  the  site  of  the  dam 
and  the  borough  of  Johnsonburg  the  valleys  of  Johnson  Run  and  the 
Clarion  River  are  wide  and  practically  uninhabited. 

The  dam  is  an  earth  structure,  Avith  a concrete  core-wall  and  spill- 
Avays  at  each  end,  the  length  on  the  crest,  exclusive  of  the  spillway.s, 
being  597  feet,  and  the  Avidtli  on  the  crest  16  feet.  The  maximum 
height  above  the  natural  ground  surface  is  45  feet,  and  the  width  on 
the  base,  in  the  maximum  section,  218  feet.  The  upstream  slope  is 
1 on  2-J,  and  the  downstream  slope  1 on  2.  The  elevation  of  the 
crest  is  1,560  feet,  of  the  east  spillAAmy  1,556.5  feet,  and  of  the  west 
spillAAmy  1555  feet. 

In  preparing  the  foundation  for  the  earth  fill  the  site  was  care- 
fully stripped  to  the  depth  penetrated  by  roots.  The  excavation  for 
the  core-Avall  was  carried  to  varying  depths  below  the  original 
ground  surface,  a portion  of  the  prepared  foundation  consisting  of 
rock,  and  the  remainder  of  hardpan.  The  rock  foundation  was  en- 
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countered  on  the  east  aud  west  sides  of  the  valley,  and  extended  for  a 
length  of  220  feet  from  the  east  spillway,  and  134.5  feet  from  the 
west  spillway.  The  remainder  of  the  foundation  consisted  of  hard 
shale;  the  total  length  of  said  foundation  being  242.5  feet.  In  this 
hardpan  foundation  a pit  was  dug  to  a depth  of  6 or  7 feet,  and  an 
iron  bar  driven  8 feet  further,  without  encountering  rock.  The 
core-wall  was  carried  into  the  rock  for  a distance  of  9 feet  at  the  east 
end  and  8 feet  at  the  west  end.  The  depth  of  the  excavation  for  the 
rock  foundation  at  the  west  end  of  the  dam  varied  between  7 and  15 
feet,  and  at  the  east  end  between  12  and  20  feet.  The  depth  of  the 
excavation  to  the  hardpan  foundation  varied  between  10  feet  and  25 
feet. 

The  upstream  side  of  the  embankment  was  constructed  of  a shale 
and  clay  fill,  wetted  and  rolled  in  from  G to  12  inch  layers,  by  means 
of  a 4-ton  road  roller.  The  selected  clay  fill  was  placed  against  the 
upstream  side  of  the  core-wall,  having  a thickness  of  2 feet  at  the 
crest  and  of  12  feet  on  the  base.  The  downstream  portion  of  the 
embankment  was  made  of  shale  and  clay,  containing,  however,  a 
greater  proportion  of  shale  rock.  This  portion  of  the  embankment 
was  wetted,  but  not  rolled.  The  upstream  slope  of  the  embankment 
was  protected  by  means  of  stone  paving,  one  foot  in  thickness. 
Along  the  upstream  face  of  the  embankment,  at  a point  5 feet  in 
vertical  distance  below  the  crest  thereof,  a timber  breakwater  was 
carried  throughout  the  length  of  the  dam,  which  extended  to  the 
height  of  the  crest  of  the  embankment.  The  plans  did  not  provide 
for  paving  the  downstream  slope,  except  for  a distance  of  84  feet 
above  the  toe. 

The  core-wall  was  constructed  of  1-3-6  concrete,  with  twisted 
steel  bars,  placed  6 feet,  center  to  center,  near  the  upstream  and 
downstream  faces.  It  was  1.5  feet  wide  on  top,  while  at  the  natural 
ground  surface,  and  to  a point  within  4 feet  of  the  faundation,  it 
was  10  feet  wide,  at  which  point  the  footing  was  spread  to  14  feet. 
The  plans  indicated  the  possible  neces.sity  for  the  use  of  sheet  piling, 
although  the  foundation  was  found  to  be  .such  as  to  make  its  use 
unnecessary.  At  the  upstream  toe  of  the  embankment  a concrete 
cut-off  wall  was  carried  to  a depth  of  three  feet  below  the  prepared 
ground  surface.  This  wall  was  12  inches  thick,  and  was  carried  over 
the  upstream  face  for  a length  of  4 feet,  to  meet  the  stone  paving. 

The  main  spillway  is  at  the  west  end  of  the  dam ; its  lengtli  being  71 
feet,  and  the  depth  below  the  crest  of  the  embankment  5 feet.  The 
auxiliary  spillway  is  at  the  east  end  of  the  dam,  35  feet  long  and  3.5 
feet  below  the  crest  of  the  embankment.  These  spillways  have  a 
combined  capacity  of  approximately  3400  second  feet,  with  water 
level  with  the  crest  of  the  dam,  and  pi'ovide  for  a discharge  at  the 
rate  of  425  second  feet  per  square  mile  of  the  tributary  drainage  area. 
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The  ^yasteways  are  carried  along  the  hillside,  so  as  to  discharge  into 
the  natural  creek  channel,  well  below  the  toe  of  the  downstream 
slope. 

The  concrete  gatehoiise,  at  the  upstream  toe,  is  connected  with 
the  crest  by  a bridge.  Four  outlets  pierce  the  embankment  in  the 
center  of  the  valley,  two  being  30  inches  and  two  12  inches  in  diame- 
ter; all  of  these  pipes  are  encased  in  concrete. 

The  first  work  done  consisted  in  the  construction  of  the  core-wall 
throughout  its  entire  length,  and  to  its  tinal  elevation  of  1,560  feet, 
which  is  that  of  the  crest  of  the  enilmnkment.  During  this  time  the 
till  was  being  placed  against  the  upstream  side  of  this  core-Avall,  but 
little  fill  was  deposited  against  the  downstream  side.  At  the  time 
of  the  failure  the  core-wall  ivas  completed,  and  the  till  on  the  u])- 
stream  side  had  been  carried  up  to  an  elevation  15  feet  below  the  top 
of  the  core-wall,  and  little  lilling  had  been  done  on  the  lower  side. 

For  two  days  previous  to  the  bieak  in  the  dam,  on  August  26th 
and  27th,  there  rvas  precipitation  on  this  watershed;  but  the  two  30" 
outlet  pipes  ivere  aide  to  take  care  of  the  runoff,  without  filling  the 
reservoir  more  than  8 or  1)  teet.  On  the  following  day,  August  28th, 
the  rain  was  exceedingly  heavy,  described  locally  as  a cloud-burst, 
and  by  11  A.  M.  the  water  lunl  risen  behind  the  dam  to  a depth  of 
4 feet  above  the  outlet  pi]>es.  The  rvater  remained  at  this  elevation 
until  2 P.  M.,  when  it  again  started  to  rise  slowly.  The  company 
then  put  a force  of  men  at  work  drilling  Juries  through  the  core-wall, 
for  the  purpose  of  allowing  the  water  to  escaire.  These  holes,  50 
in  number  were  drilled  5 feet  apart.  By  8 or  9 o’clock  that  night 
the  core-wall  is  rep'orted  to  have  been  between  4 and  5 feet  orrt  of 
alignment  on  the  crest,  and  drilling  was  stopped.  The  water  was 
then  within  8 feet  of  the  crest  of  the  west  spillway,  and  therefore 
alrout  2 feet  over  the  crest  of  the  embankment  which  had  been 
placed  up  until  that  time.  Between  10  and  11  P.  M.  the  water  had 
risen  to  within  4 feet  of  the  crest  of  the  spillway,  and  at  11  P.  M. 
the  core-wall  and  embankment  failed.  The  core-wall  was  destroyed 
throughout  almost  its  entire  length,  by  overturning  at  a point  near 
the  tilling  line  on  its  downstream  side.  The  entire  reservoir,  con- 
taining approximately  70  million  gallons,  was  practically  emptied 
at  once,  and  this  water  formed  a flood  wave,  which  extended  down 
the  Johnson  Bun  and  Clarion  Biver  valleys  to  Johnsonburg. 

The  lireach  formed  through  the  dam  was  400  feet  long  at  the  crest 
of  the  core-wall,  and  38  feet  in  height  between  the  crest  of  the  core- 
wall and  the  part  of  it  which  remained  in  place.  The  core-wall 
remaining  at  the  west  end  was  170  feet  long  on  the  crest,  and  220  feet 
at  the  base;  and  at  the  east  end  16  feet  long  on  the 
crest,  and  53  feet  long  at  the  base.  A portion  of  the  earth  fill  re- 
mained against  the  upstream  side  of  the  remaining  portion  of  the 
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spillway,  the  depth  of  this  till  being  approximately  15  feet,  indicat- 
ing that  there  must  have  been  about  this  depth  of  fill  against  the 
downstream  face  at  the  core-wall  at  the  time  of  the  failure. 

The  valley  of  Johnson  Itun  below  the  dam  was  uninhabited  and 
the  only  destruction  caused  therein  by  the  flood  consisted  in  the 
demolition  of  a townshi})  highway  l)ridge,  situated  api>roximately 
1,000  feet  below  the  dam.  r]»ou  reaching  the  Clarion  Eiver  the 
force  of  the  flood  was  largely  dissipated  in  the  wide  valley,  and  by 
the  time  it  reached  Johnsouburg  it  affected  only  a rise  of  a few  feet 
and  caused  no  apparent  damage. 

KITTANNING  POINT  DAM. 

The  Kittauning  Point  Dam,  built  in  1S7G-7,  Avas  the  first  structure 
built  on  Burgoon  Bun  by  the  city  of  Altoona,  its  purpose  being  to 
impound  water  for  a gravity  supply.  The  reservoir  is  the  upper  one 
in  “Horse  Shoe  Curve,"  and  the  drainage  area  tributary  to  it  is  8.1 
square  miles.  The  area  of  the  water  surface,  at  the  elevation  of  the 
spillway,  is  12.02  acres;  and  the  storage  capacity  is  about  05,000,000 
gallons. 

The  dam  was  constructed  of  red  shale  and  clay,  without  a core- 
wall or  puddled  upstream  face;  its  length  on  the  crest  being  050  feet, 
and  the  maximum  height  50  feet.  The  top  width  is  18  feet,  and  the 
up  and  downstream  slopes  1 on  21  and  1 on  2,  respectively.  Loose 
stone  riprappiug,  about  two  feet  thick,  was  placed  on  both  slopes 
of  the  embankment,  but  not  on  the  crest.  The  spillway  is  at  the  west 
end  of  the  dam,  31  feet  long  and  5.3  feet  beloAV  the  crest  of  the  em- 
bankment. The  present  flood  channel  around  the  reservoir  was 
constructed  after  the  failure.  A six  foot  circular  masonry  conduit, 
containing  10  and  12-in.'  supply  mains,  passes  through  the  embank- 
ment. A gate  tower  is  at  the  upstream  toe,  near  the  center  of  the 
dam,  and  a gate-house  at  the  downstream  end  of  the  conduit. 

The  spillway  opening,  originally  lined  on  bottom  and  sides  with 
timber,  Avas  destroyed  in  1880  during  a flood,  and  subsequently  re- 
built. In  1887  Avork  Avas  started  upon  a masonry  spillway  which 
was  completed  in  1888.  The  capacity  of  the  spilhvay  is  estimated 
at  1,370  cubic  feet  per  second,  and  the  opening  is  sufficient  to  dis- 
charge a flood  at  the  rate  of  109  second  feet  per  square  mile  of  tribu- 
tary drainage  area. 

On  May  20th,  1891,  the  Kittanning  Point  Dam  Avas  damaged  during 
a flood  by  water  floAviug  over  the  crest  of  the  embankment.  A breach 
was  not,  hoAvever,  Avashed  through  the  emliankment,  although  it  was 
narrowly  averted  and  probably  Avould  have  occurred  had  the  flood 
extended  over  a longer  period.  The  damage  resulted  from  insuffi- 
cient spillway  capacity;  the  reservoir  Avas  full  Avhen  the  storm  be- 
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gan  and  for  some  days  previous,  while,  at  the  time  of  the  flood,  two 
8 inch  and  four  4-inch  pipes,  attached  to  the  16"  and  12"  supply 
mains,  were  open. 

The  flood  was  caused  by  a heavy  rainstorm  or  cloud-burst,  and 
data  with  regard  thereto  is  contained  in  a letter  from  Dr.  Charles  B. 
Dudley,  Chemist  of  the  Pennsylvania  Bailroad  Company,  to  Mr.  Har- 
vey Linton,  City  Engineer  of  Altoona,  published  in  the  Engineering 
News  of  June  2Sth,  1894,  Mr.  Dudley  wrote: 

“The  storm  began  here  Wednesday  afternoon.  May  16,  and  up 
to  Thui'sday  noon  the  rainfall  was  0.77  inches.  Between  that 
and  Friday  noon  it  was  0.07  inches.  Between  that  and  Satuiday 
noon  it  was  0.60  inches.  From  Saturday  noon  to  6 o’clock  Sat- 
urday evening  1.67  inches  more  rain  fell.  From  6 o’clock  Satur- 
day e\ening  until  Sunday  noon  1.97  inches  more  rain  fell,  and 
from  Sunday  noon  to  Moiiilay  noon  1.28  inches  more.  From 
Monday  noon  to  Tiiesday  noon  0.08  inches,  and  from  Tuesday 
noon  to  Wednesday  noon  0..33  inches,  more  rain  fell.  This 
makes  a total  of  6.77  inches  in  seven  days.  Onr  rain  gauge  is 
patterned  after  the  signal  service  rain  gauge,  and  is,  we  be- 
lieve, thoronghly  reliable.” 

The  overflow  at  the  dam  occured  on  Sunday,  and  the  total  rainfall 
at  this  time  amounted  to  between  five  and  six  inches. 

Mr.  S.  A.  Gailey,  Supeidntendent  of  the  Altoona  Water  Works, 
gave  his  theory  of  the  cause  of  the  overflow  of  the  embankment  to 
be  as  follows,  in  the  Engineering  News,  June  2811)  1894: 

“In  the  ‘Glen  White  Hollow,’  a few  miles  above  the  storage 
reservoir,  there  was  at  one  time  a sawmill.  The  rubbish  from 
this  old  mill  made  ‘three  or  four  jams’  in  the  stream  below.  These 
obstructions  giving  away  one  after  another,  or  almost  simultan- 
eously, allowed  a considerable  amount  of  water  to  flow  into  the 
reservoir,  in  addition  to  the  surface  flow.  This  sudden  rise  of 
the  water  caused  the  damage,  and  the  time  during  which  the 
water  overflowed  the  embankment  was,  in  my  opinion,  much  less 
than  half  an  hour,  probably  not  more  than  ten  or  fifteen  min- 
utes.” 

In  the  first  account  of  the  accident,  contained  in  the  edition  of 
the  Engineering  News  of  June  7th,  the  correspondent  wrote  that  the 
water  flowed  over  the  embankment  for  about  30  minutes,  according 
to  statements  of  eye-witnesses,  and  that  for  less  than  ten  minutes 
the  depth  of  the  overfloAv  was  about  one  foot. 

The  overflow  eroded  considerably  the  downstream  portion  of  the 
embankment.  Beginning  at  the  west  end  of  the  dam,  the  first  break 
occurred  at  a point  26  feet  fiom  the  spillway,  and  extended  for  a 
length  of  90  feet,  about  8 feet  deep.  The  next  important  erosion 
began  64  feet  farther  toward  the  east,  and  was  139  feet  long  and 
about  6 feet  deep.  Then  followed  only  10  feet  of  unbroken  slope, 
succeeded  by  77  feet  of  break  about  8 feet  deep;  then  ten  more  feet 
of  undamaged  slope,  and  finally  a break  65  feet  long  and  ten  feet 
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deep,  terminating  some  75  feet  from  the  east  end  of  the  main  em- 
bankment. The  dam  was  repaired  after  the  flood  and  has  remained 
in  service  ever  since. 

LAKE  LEIGH  DAM. 

This  dam  is  one  of  three  which  were  constructed  at  the  head- 
waters of  Kitchen  Creek,  between  the  jmars  1903  and  1900,  to  give 
pondage  for  a proposed  hydro-electric  development;  the  total  stor- 
age in  the  three  reservoirs  amounting  to  1,600,000,000  gallons,  with 
a tributary  drainage  area  of  0 square  miles.  The  reservoirs  im- 
pounded by  these  dams  are  known  as  Lakes  Jean,  Hose  and  Leigh; 
the  first  of  which  lies  partly  in  Luzerne  county  and  partly  in  Sullivan 
county,  while  the  two  latter  are  entirely  in  Luzerne  County. 

The  Lake  Leigh  dam  is  on  the  Leigh  Branch  of  Kitchen  Creek, 
about  a mile  and  a quarter  above  its  junction  with  the  Ganoga 
Branch.  It  was  built  in  1906  bj^  the  Ambursen  Hydraulic  Con- 
struction Comjjanj’',  and  impounds  a reservoir  105  acres  in  area,  with 
a storage  estimated  at  500,000,000  gallons,  and  a tributary  drainage 
area  of  1.65  square  miles. 

In  1909,  and  again  in  1911,  this  dam  suffered  an  incipient  failure, 
by  the  development  of  copious  leaks  beneath  the  cut-off  wall  of  the 
concrete  section. 

Below  Lake  Leigh  the  stream  flows  through  a gorge-like  glen,  with 
a total  fall  of  1,200  feet  in  about  2-J-  miles.  Beyond  this,  for  a dis- 
tance of  about  5 miles,  to  its  junction  with  Huntingdon  Creek,  the 
fall  of  the  stream  is  less  rapid,  and  it  is  followed  by  a public  high- 
wajq  along  which  are  several  farmhouses.  The  town  of  Harveyville, 
with  a population  of  about  250,  is  on  Huntingdon  Creek,  about 
miles  below  the  mouth  of  Kitchen  Creek;  and  two  and  four  miles 
farther  on  are  the  villages  of  Huntingdon  Mills  and  Watertown,  with 
populations  of  150  and  75,  respectively. 

The  dam  is  of  the  hollow,  reinforced  concrete  type,  and  is  32  feet 
high  at  the  maximum  section,  and  320  feet  long,  exclusive  of  earthen 
embankments  at  each  end.  The  spillway,  24  feet  long  and  2 feet 
deep,  is  at  about  the  middle  of  the  concrete  section.  Ko  apron  is  pro- 
vided on  the  downstream  side  of  the  spillway.  There  are  three  out- 
let pipes,  one  at  the  middle  of  the  dam,  31  feet  below  its  crest,  and 
two  near  one  end,  12  feet  and  20  feet  below  its  crest. 

The  earth  embankments  at  the  ends,  204  feet  and  168  feet  long, 
respectively,  are  provided  with  concrete  core-walls,  and  the  slopes 
are  protected  with  riprap. 

The  concrete  portion  consists  of  buttresses,  supporting  slabs  of 
reinforced  concrete  which  are  inclined  at  an  angle  of  45  degrees. 
The  geological  formation  of  the  valley  is  said  to  be  sandstone  or 
conglomerate  rock,  with  a thin  overburden  of  soil,  and  the  buttress 
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footiiigis  and  cut-olV  wall  are  reported  to  have  been  carried  down  to 
lull  bearing  upon  the  rock.  Tlie  buttresses,  wliicli  are  12  feet  on 
centers,  were  built  in  0'  6"  lifts,  and  are  12  niches  thick  at  the  top, 
increasing  in  tliickness  by  1 inches  at  each  lift.  The  inaxiinnin  com- 
l>ressive  stress  in  the  buttresses,  which  are  of  1-3-G  concrete,  Avas 
found  to  be  5.8  tons  jier  square  foot,  and  at  no  place  were  they  in 
tension.  The  deck  slab  is  of  1-2-1  concrete,  1(1  inches  thick,  rein- 
forced with  I"  square  bars,  6 inches  on  centers,  for  a vertical  dis- 
tance of  12  feet  below  tbe  crest.  It  thence  gradually  increases  in 
thickness  to  It!  inches  at  the  bottom,  where  the  liars  are  11", 

center  to  center.  Tlie  unit  stresses  in  the  deck  slab  are  high,  the 
niinininm,  which  occurs  at  the  10"  section,  being  15,350  lbs.  per 
square  inch  in  the  steel,  and  810  lbs.  ]»er  sipiare  inch  in  the  concrete; 
and  the  inaximnm,  Avhich  occurs  at  the  16"  section,  being  10,600  lbs. 
per  sipiaie  inch  in  the  steel,  and  871  lbs.  per  S(i.  in.  in  the  concrete. 
The  inaxininm  shear  stress  in  the  conciete  Avas  found  to  be  71  lbs.  per 
's(iuare  incb. 

Calculations  of  the  stability  of  the  dam  against  overturning  show 
that  th(‘  resultant  intersects  the  base  16.7  feet  from  the  toe,  or  1.53 
feet  Avithin  the  middle  thii-d.  The  total  combined  Aveight  of  the  ma- 
sonry and  Avater  acting  at  the  bottom  of  the  highest  but  tress  is  510,- 
000  lbs.,  Avhieh  gives  a maximum  ])ressure  of  1.6  tons  ]»er  sipiare  foot 
on  the  foundations.  The  maximuiii  coefficient  of  sliding  revealed 
by  the  ealcnlations  is  t).73. 

In  1900  a leak  aiqieared  under  the  <lam,  the  Avater  evidently  being 
forc(‘d  beneath  the  n])streani  toe  or  cnt-olf  Avail,  and  rising  under  the 
deck  in  tive  days.  The  Avater  Avas  di-aAvn  from  the  reservoir,  and  the 
Ambursen  Com])any  employed  to  stop  the  leakage.  It  AA'as  thought 
that  in  constructing  the  cnt-oll’  Avail  the  rock  foundation  in  the  trench 
had  not  been  ]tro]»erly  cleaned,  and  that  the  Avater  Avas  forced  be- 
tAveen  the  rock  and  tin"  concrete  footing.  In  order  to  repair  this,  a 
trench  Avas  dug  along  both  sides  of  the  footing,  the  rock  thoroughly 
cleaned,  and  concrete  laid  against  the  footing.  When  the  reservoir 
Avas  refilled  tlu*  leaks  did  not  reap])ear.  In  1911,  hoAvever,  a large 
leak  developed  near  the  spilhvay,  thoAigh  not  in  one  of  the  bays  in 
Avhich  the  ]>revions  leak  had  occurred.  The  Avater  Avas  forced  under 
the  footing  under  considerable  ]»ressure,  as  Avas  indicated  by  its 
agitation.  At  this  time  the  elevation  of  the  water  in  the  reservoir 
Avas  a foot  or  more  beloAv  the  ciest  of  the  spilhvay,  and  tlie  entire 
discharge  of  the  stream,  amounting  to  ai»proximately  5 cubic  feet 
]»er  second,  Avas  carried  through  the  leak.  There  aauis  also  leakage 
through  the  earthen  emliankment  at  one  end  of  the  dam,  and  through 
expansion  joints  and  cracks  in  the  deck  slab. 
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LATROBE  WATER  COMPANY. 

A timber  crib  dam  was  constructed  across  Loyalbanua  Creek  by 
the  Latrobe  Water  Company  in  1895,  for  the  purpose  of  forming  an 
intake  from  wbicli  to  pump  water  to  the  borough  of  Latrobe.  It  was 
about  three  miles  northwest  of  Latrobe,  at  the  village  of  Kingston, 
above  which  point  the  tributary  drainage  area  is  approximately  170 
square  miles. 

The  dam  was  constructed  of  heAvii  timber  cribbing,  spiked,  bolted, 
and  entirely  tilled  with  earth  and  rock.  The  downstream  slope  of 
the  cribbing  aa'us  1 on  2,  and  tlie  n])Stream  side  vertical,  Avith  earth 
placed  against  it  to  about  its  natural  slope.  The  doAvustream  side  of 
the  cribbing  Avas  faced  with  plank,  and  an  apron,  10  feet  wide,  con- 
structed along  tlie  toe  throughout  the  length  of  the  dam.  The  height 
of  the  striictnie,  above  the  natural  bed  of  the  creek,  was  about  six 
leet,  and  its  total  length  on  the  crest  225  feet. 

The  dam  aatis  partly  destroyed  on  tAvo  occasions,  January  2Sth,  1901, 
and  February  2Gth,  1912,  Each  failure  Avas  occasioned  by  liigh  Avater, 
due  partly  to  rainfall  and  melting  suoav,  and  partly  from  the  break- 
iirg  of  ice  jams  irp.stream.  The  tirst  of  these  Hoods  carried  out  a 
75  foot  section  at  tlie  southern  end  of  the  dam,  entirely  destroyed 
the  cribbing,  and  deposited  the  rock  some  distance  doAvii  stream. 
The  Avashout  section  Avas  replaced  with  the  same  type  of  structure 
as  that  of  tlie  remaining  portion  of  the  dam,  and  liack- filled  Avith 
earth. 

The  failure  of  the  dam  in  1912  occurred  during  a discharge  of  three 
feet  of  Avater  over  the  crest,  caused  by  the  lireaking  up  of  tAvo  ice- 
jams  above  the  dam.  Tlie  cribbing  Avas  torn  out  and  a breach  Avashed 
through  the  structure  in  the  section  repaired  in  1901. 

LEBANON  CITY  DAM  NO.  2. 

The  No.  2 dam  of  the  city  of  Lebanon,  which  AAms  constructed  in 
1881,  as  a part  of  its  AvaterAvorks  system,  is  situated  on  the  West 
Branch  of  Hammer  Creek,  at  the  toot  of  South  Mountain,  about  six 
miles  southeast  of  Lebanon,  above  Avliich  point  the  tributary  drain- 
age area  is  317  acres.  About  GOO  feet  beloAA'  this  dam  is  another 
lesei’A’oir,  known  as  No.  1,  constructed  in  1871,  aboAe  Avhich  the 
drainage  area  is  317  acres.  Reservoir  No.  2 has  a capacity  of 
19,200,000  gallons,  and  reservoir  No.  1 a capacity  of  18,- 
000,000  gallons.  The  drainage  area  above  these  reservoirs  is  unin- 
habited mountain  land  and  the  runoff  therefrom  is  .said  to  be  high. 
BeloAA’  the  No.  1 dam,  at  the  foot  of  South  Mountain,  the  country 
opens  into  a cultivated  valley  almost  two  miles  Avide;  a low  ridge 
to  the  north  turning  Hammer  creek  soutliward  into  Conestoga  creek, 
and  separating  this  drainage  from  the  Quittapahilla  Avatershed. 
In  this  broad,  wide  valley  of  the  West  Branch  of  Hammer  Creek 
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are  a number  of  roads  and  farmliouses,  none  of  the  latter  of  which, 
however,  lie  directly  below  the  reservoirs;  and  in  the  event  of  the 
failure  of  either  of  tlieiu  it  is  probable  that  no  lives  and  little  prop- 
erty damage  would  result.  Neither  of  these  dams  has  failed,  but 
the  streirgth  of  dam  No.  2 has  been  impaired  on  several  occasions. 

This  dam  consists  of  an  earthen  embairkment  which,  as  originally 
constructed,  was  about  22  feet  in  maximum  height  and  380  feet  long. 
The  width  on  top  was  13  feet,  while  the  irpstream  slope  was  1 on  2^, 
and  the  downstream  slope  1 on  1-^.  In  1009  the  dam  was  raised  to 
its  present  height,  which  is  about  39  feet  above  the  natural  surface 
of  the  ground,  and  the  total  length  was  thus  increased  to  700  feet. 
In  constructing  the  new  embankment  an  8 foot  berm  was  made 
in  the  upstream  face,  at  the  elevation  of  the  top  of  the  old  dam,  and 
the  new  embankment  was  thence  continued  at  a slope  of  1 on  2. 
The  crest  width  was  made  15  feet  and  the  downstream  slope  1 on  1|. 
The  embankment  was  constructed  of  material  found  in  the  reservoir 
bed,  consisting  of  a mixtiire  of  sand,  clay  and  shale,  and  the  shrink- 
age in  the  embankment,  due  to  packing  and  settlement,  was  stated 
to  have  been  about  10  per  cent,  of  the  yardage  measirred  in  excava- 
tion. The  upstream  face  of  the  old  embankment  was  protected  with 
vitritied  brick,  set  on  edge  and  filled  with  pitch,  but  the  downstream 
face  was  not  protected. 

A gate-tower  was  built  near  the  upstream  toe  of  the  dam,  and 
from  it  20  and  10-inch  mains  were  carried  through  the  embankment, 
while  a 12-inch  drain  pipe  was  located  about  80  feet  to  the  west 
thereof.  None  of  these  pipe  lines  appear  to  have  been  provided  with 
cut-oil's  or  collars.  A drain  pipe  was  carried  longitudinally  through 
the  lower  portion  of  the  embankment,  from  which  several  laterals 
led  to  the  toe  of  the  slope.  At  each  end  of  the  embankment  cut  off 
walls  were  carried  20  feet  into  the  hillside,  and  the  same  distance 
irrto  the  embankment. 

The  spillway  15  feet  wide  and  1.7  feet  deep  is  at  the  eastern  end 
of  the  dam.  The  wasteway  consists  of  a stone  paved  channel,  carried 
along  the  downstream  toe  of  the  dam  for  a distance  of  about  240 
teet,  and  into  the  old  creek  channel  at  a point  about  80  feet  below 
(he  same.  The  capacity  of  the  old  reservoir  was  14,600,000  gallons, 
and  by  raisiirg  the  embankment  the  storage  was  increased  to  49,200,-  ^ 
000  gallons.  The  ca])acity  of  the  spillway  is  estimated  at  100  second 
feet,  and  it  provides  for  a runoff  from  the  drainage  area  of  one-half 
a sqirare  mile  at  the  rate  of  about  200  second  feet  per  square  mile. 

On  April  4th,  1910,  a slight  slip  occurred  in  the  downstream  portion 
of  the  embankment,  and  a more  serious  one  on  the  following  day, 
directly  over  the  old  12-inch  drain  pipe,  the  total  amount  of  the 
material  moved  being  about  485  cubic  yards.  This  material  was 
thrown  back  to  the  1^  to  1 slope,  and  the  services  of  a consulting  en- 
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gineer  secured  for  the  purpose  of  recommending  the  method  to  be 
employed  in  the  permaneut  repair  of  tlie  dam,  and  to  prevent  the 
recurrence  of  the  slipping  of  the  downstream  portion  of  the  em- 
bankment. With  regard  to  the  slip  in  April,  1910,  the  following 
statement  is  contained  in  the  report  of  the  City  Engineer,  to  the 
Board  of  Lighting  and  Water  Commis.sioners  of  Lebanon; 

“It  was  found  that  the  stone  paving  on  the  top  of  the  old  breast 
forming  the  berm  between  the  top  of  the  old  breast  and  the  toe  of  the 
new  breast  had  settled  in  several  places,  but  the  brick  paving  had 
remained  intact  and  had  not  slipped  down  the  slope.  Therefore  at 
several  places  there  was  an  open  space  at  the  bottom  of  the  brick 
paving.  It  was  also  found  that  the  concrete  which  had  been  placed 
on  the  top  of  the  berm  had  been  frozen,  and  therefore  was  useless 
for  the  purpose  intended.  The  stone  paving  was  then  torn  up  and 
relaid  in  concrete,  and  new  material  placed  between  the  toe  of  the 
brick  paving  and  the  bottom  of  the  concrete  paving  and  over  a foot 
of  the  brick  work.  The  entire  berm  and  about  a foot  down  the  slope 
of  the  old  embankment  was  covered  with  concrete  4 inches  thick.” 
Besides  this  work,  it  is  reported  that  all  unfilled  joints  in  the  brick- 
work were  poured  with  cement  grout,  and  the  entire  paving  slushed 
with  a rich  mixture  of  cement  and  sand.  This  cement  covering 
cracked  and  peeled  off  soon  after  it  was  placed,  and  became  useless 
in  preventing  percolation. 

The  dam  was  examined  by  a consulting  engineer,  who  recom- 
mended that  the  downstream  slope  be  made  1 on  2,  and  that  the 
flattened  slope  should  be  secured  by  making  a fill  of  stones  and  other 
loose  material  on  the  downstream  side  of  the  embankment.  In  May, 
1911,  the  downstream  slope  was  made  1 on  2;  but  it  is  understood 
the  work  was  not  done  in  the  manner  recommended  by  the  consult- 
ing engineer,  in  that  the  additional  slope  was  secured  by  filling 
with  the  same  kind  of  material  as  was  formerly  used.  This  new 
slope  was  then  protected  from  top  to  bottom  with  heavy  hand-laid 
rock  riprap. 

On  April  4th,  1912,  a crack  appeared  at  the  downstream  edge  of 
the  crest  of  the  embankment,  and  it  was  noticed  tliat  the  embank- 
ment had  settled  and  bulged  below  the  crack.  On  April  Sth  a large 
slip  occurred  about  120  feet  from  the  west  end  of  the  dam,  which 
extended  over  a length  of  about  65  feet.  This  slip  started  at  the 
downstream  edge  of  the  crest  of  the  embankment,  and  the  material 
flowed  for  a distance  of  about  25  feet  below  the  lower  toe,  leaving 
the  riprap  over  the  lower  portion  of  this  slope  practically  undis- 
turbed. Ko  breach  was  made  through  tlie  dam,  and  no  water  i)assed 
out  of  the  reservoir,  but  the  water  was  immediately  lowered  three 
feet  as  a measure  of  precaution.  The  cause  of  this  .slipping  of  the 
embankment  has  not  been  definitely  determined,  but  it  will  be  ob- 
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served  that  it  oeeurred  in  the  sprina;  of  the  year  when  fi’ost  was  com- 
ing ont  of  the  gronnd  and  during  lieavy  rains.  Tlie  material  of 
wliich  the  embankment  was  constrncted  is  of  poor  (piality  for  such  a 
purpose,  and  it  is  juoliahle  that  tlie  upstream  facing  is  not  im- 
pervious, aud  that  thei-e  is  ])erc(»lation  and  seejjage  through  the  em- 
l)ankinent,  which  contains  no  coie  or  cut-otf  walls.  Dependence  was 
evidently  jilaced  upon  the  concrete  and  brick  slojie  i)aving  on  the 
u]»sti-eam  face  of  the  dam  for  watertightness,  as  the  eml)ankment  is 
a])iiarently  ])ervious.  Witli  regard  to  the  depth  at  which  the  em- 
bankment may  liave  lieen  saturated,  the  City  Engineer  stated  in  1911, 
wlien  it  was  decided  to  increase  the  outer  slojie  of  the  dam  from  1-^ 
to  1 to  2 to  1,  and  soundings  were  made  in  the  downstream  portion 
of  the  till,  that  the  emltankment  was  satuiated  to  a depth  averaging 
three  feet  vertically  below  tlie  slojie,  and  it  ajijieared  that  sounding 
ii’ons  could  be  turned  by  hand  without  difficulty  to  this  dejith,  while 
below  it  the  material  seemed  to  lie  hard  and  comjiact. 

MACDONALDTON  DAM. 

The  Brothers  ^hllley  Coal  ('oinjiany  comjileted,  in  August,  1911, 
a concrete  dam  across  a small  stream  at  the  headwaters  of  Buffalo 
('leek,  at  Macdonaldtou,  Somerset  t'ouuty,  for  the  jmrjiose  of  im- 
jiounding  water  for  boiler  use.  The  drainage  area  above  the  struc- 
ture is  0.5  of  a sipiare  mile,  consisting  of  ojien,  cultivated  land.  The 
reservoir,  cajiacity  about  16,000,000  gallons,  was  lielow  the  village, 
and  the  valley  contained  no  houses  which  could  be  injured  by  a 
failure. 

The  dam,  which  was  designed  by  engineers  of  the  coal  company, 
and  built  with  comjiany  labor  under  the  sujiervision  of  the  designers, 
was  constructed  of  concrete,  with  a vertical  upstream  face.  The 
length  on  the  crest  was  419  feet,  ami  maximnm  height  above  the 
ground  surface  Ki  feet,  while  the  fouiidatiiHi  extended  below  the 
surface  a distance  of  four  feet.  The  toji  width  of  3 feet  remained  the 
same  to  a jioint  4 feet  below  the  crest,  from  which  point  the  down 
stream  face  was  battered,  .so  that  the  width  of  the  base  was  13  feet. 

The  dam  rested  for  two-thirds  of  its  length  upon  a foundation  of 
clay,  and  for  the  remaining  third  ujion  shale;  and  no  jirecautions 
were  taken  to  jirevent  the  jiercolation  of  water  beneath  it,  or  to  pre- 
vent sliding.  The  excess  excavation  in  the  trench  was  generally 
back-filled  with  the  nearest  material  at  hand, — clay,  soil,  or  swamp 
muck, — and  the  iiuddle  effect  to  be  desired  was  not  secured.  Near 
the  center  of  the  ilam  was  a spillway,  6 feet  wide  and  1 foot  deep, 
while  through  the  dam  was  a 16-inch  waste  pi]ie,  and  an  8-inch  sup- 
]dy  pipe,  with  valves  near  the  downstream  toe. 

It  is  reported  that  from  the  time  of  completion,  on  Augnst  1st, 
until  September  14th,  the  water  in  the  reservoir  rose  to  within  two 
feet  of  the  crest  of  the  spillway,  at  which  time  heavy  rains  caused 
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the  reservoir  to  till  raiiidly,  until  on  September  15th,  at  5 P.  M., 
the  water  with  within  a few  inolies  of  the  spillway  crest.  A slight 
crack  was  then  notice<l  in  the  face  of  the  dam,  just  below  the  top  of 
the  spillway,  and  by  6 1*.  i\[.  this  crack  had  become  considerably 
larger  and  water  was  coming  through  it  above  the  surface  of  the 
ground.  "Water  was  also  observed  l)ul)l)ling  up  at  the  downstream 
toe.  and  at  about  8 P.  ^I.  it  had  forced  its  way  heueath  the  base 
by  eroding  an  opening  under  the  spillway  section,  about  25  feet  long 
and  6 feet  deep.  The  reservoir  Avas  completely  emptied,  but  the 
How  was  tlirottled  and  retarded  so  that  no  loss  to  life  or  serio\is 
jiroperty  damage  resulted. 

Upon  examination  it  Avas  found  that  the  center  of  the  dam  had 
moved  downstream  a distance  of  S inches,  that  there  Avas  a deflection 
upstream  of  2^7  inches  at  a i)oint  123  feet  from  the  Avest  end,  Avhile 
the  upstream  face  remained  almost  vertical,  the  maximum  deflection 
being  IJ-  inches.  The  section  undermined  sagged  about  3 inches, 
Avhile  several  large  vertical  cracks  extended  entirely  through  the  face 
of  the  dam. 

An  analysis  of  the  probable  stresses  in  the  structure  is  given  on 
I’late  10.  having  been  conpiuted  on  the  assumption  that  the  Avater 
pressure  Avas  effected  betAveen  the  crest  and  the  foundation,  Avith 
and  AA'ithout  upAA'ard  Avater  ju-essure  Tinder  the  base.  The  intensify 
of  the  upAvard  iiressure  Avas  estimated  as  equal  to  the  full  hydro- 
static pressure  due  to  the  head  at  the  upstream  toe.  and  decreasing 
uniformly  to  zero  at  the  doAvnstream  toe.  It  Avill  be  seen  from  the 
diagram  that,  for  reservoir  eiiqity.  the  line  of  pressure  fidloAvs  very 
closely  the  middle  third,  and  the  pressure  on  the  base  is  Avell  Avithin 
safe  limits.  For  reservoir  full,  with  no  ui)Avard  AA’ater  pressure  on 
the  base,  the  figure  shoAvs  that  the  line  of  resistance  lies  Avell  within 
the  middle  third,  and  that  for  this  condition  the  dam  Avas  suitably 
designed  against  overturning,  the  factor  of  safety  being  2.11  on  the 
base.  With  regard  to  sliding.  hoAvever,  the  analysis  indicates  that 
the  coefficient  of  friction  to  prevent  failure  Avould  have  to  he  greater 
than  0.62,  whereas  it  lies  probably  someAvhere  between  0.3  and  0.5, 
as  the  masonry  rests  upon  a foundation  of  clay,  }>robably  more  or 
less  moist. 

T^pward  AA’ater  pressure  probably  did  exist  on  the  base  of  the  dam, 
and,  if  the  intensity  was  as  indicated  above,  the  line  of  resistance 
Avould  cut  the  base  ‘uj"  at  a point  about  inidAvay  between  the  middle 
third  and  downstream  toe.  or,  more  exactly.  2.1  feet  outside  of  the  mid- 
dle third.  For  this  condiTon.  it  is  found  that  the  tangent  of  the  angle 
betAA’een  the  vertical  and  the  resultant  force  acting  on  the  base, 
which  measures  the  tendency  of  the  dam  to  slide,  Avas  1.02.  It  Avould 
appear,  therefore,  that  the  dam  was  held  in  place  largely  by  the 
material  below  the  lower  toe,  and  by  tension  in  the  masonry.  On 


68 


I his  assuiuptiou,  also,  the  factor  of  safety  against  overturning  is 
only  1.10;  the  diagram  indicating  that,  as  there  could  be  no  tension 
at  the  joint  between  the  masonry  and  the  clay,  there  was  opportunity 
for  the  entrance  of  water  under  the  base.  The  maximum  compres- 
sion on  the  base,  at  the  lower  toe,  is  1,058  lbs.  per  square  ft.,  or  28 
lbs.  per  sq.  inch,  not  an  excessive  ligure. 

The  failure  was  due,  it  is  believed,  to  percolation  between  the  base 
of  the  dam  and  the  foundation.  With  the  increasing  head,  as  the 
reservoir  tilled,  tlie  water  forced  itself  under  the  dam  and  gradually 
washed  out  a channel,  until,  within  a few"  hours,  sufficient  velocity 
was  gained  to  cause  the  material  to  l)e  forced  oiit  W"ith  a rush,  leav- 
ing the  dam  sns])ended  over  the  hole.  There  probably  was  also  some 
sliding  movement,  and,  had  not  the  liole  l)een  washed  out  from  under- 
neath, the  dam  would  evidently  have  failed  by  sliding. 

The  dam  was  re])aired  shortly  after  the  failure  by  filling  the  hole 
w'ashed  out  from  beneath  with  concrete,  and  placing  a selected  clay 
embankment  on  the  upstream  side  of  tlie  masonry  section,  which  was 
provided  with  drains,  so  that  it  could  act  as  a gravity  retaining 
wall.  The  leservoir  lias  been  in  use  since  these  rejiairs  wmre  made. 

NORTH  STRABANE  WATER  COMPANY  DAM. 

A timber  crib  dam  was  built  across  Little  Chariters  Creek  by  the 
North  Strabane  Water  Comjiany  in  1901,  and  since  its  construction 
it  has  failed  four  times,  twice  in  l!fl0  and  twice  in  1912.  After  the 
second  failure  in  1912  it  was  w'i.sely  abandoned,  as  it  probably  could 
not  have  withstood  future  floods  unless  entirely  rebuilt  on  different 
lines. 

The  dam  was  about  12  feet  high,  350  feet  long  on  the  crest,  and 
when  first  built  it  was  estimated  to  impound  20,000,000  gallons,  but 
the  basin  soon  became  so  silted  nj)  as  to  make  the  storage  almost 
negligible.  The  cribbing  was  filled  w"ith  rock  and  the  up  and  down- 
stream decks  covered  with  plank;  a clay  fill  was  placed  against  the 
upstream  side  of  the  cribbing.  At  one  end  of  the  cribbing  the  dam 
was  continued  try  means  of  an  earth  embankment,  40  feet  long,  to 
the  hillside.  The  drainage  area  of  Little  Chartiers  Creek  tributary 
to  the  reservoii"  is  43  sipiare  miles,  the  dam  being  1.5  miles  above 
the  month  of  the  stream. 

Of  the  failures  in  1910  no  accurate  account  could  be  secured; 
but  the  breaches,  washed  through  the  crihhing,  w'ere  replaced  by 
filling  with  clay,  and  in  one  portion  wfith  masonry.  After  the  first 
failure  in  1912,  w'hich  occurred  in  about  the  center  of  the  dam,  a 
spillway  was  provided  by  means  of  constructing  concrete  wing-walls 
and  filling  the  cribbing  between  them  with  rough  masonry,  cemented 
over  the  top.  This  jiortion  of  the  spillway  was  built  up  to  within 
about  six  feet  of  the  top  of  the  side  walls,  and  flashboards  were  used 
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to  raise  the  water  to  the  crest  of  the  old  remaining  cribbing.  This 
spillway  was  49  feet  in  length  and  G feet  deep,  while  on  one  side  of 
it  there  remained  a section  of  the  old  cribbing,  about  60  feet  long 
on  the  crest,  and  feet  below  the  crest  elevation  of  the  spillway 
wall.  On  the  opposite  side  of  the  spillway,  the  cribbing,  or  breaches 
which  had  been  made  in  the  same,  had  been  covered  with  clay,  and 
Ibis  embankment  had  a length  on  the  crest  of  about  200  feet.  A 
portion  of  the  upstream  side  of  this  embankment  was  protected 
by  means  of  a concrete  wing-wall,  40  feet  in  length,  attached  to 
the  spillway. 

A heavy  raiufuall  occurred  in  the  vicinity  on  July  24th,  1912,  and 
the  water  rose  behind  the  dam  so  that,  at  about  7 P.  M.,  the  spillway 
became  tilled  and  the  water  started  flowing  over  the  embankment. 
The  water  rose  two  feet  over  the  crest  of  the  dam  by  about  y or 
8.30  P.  M.,  at  which  time  a breach  was  washed  through  the  em- 
bankment directly  adjoining  the  spillway  wall.  The  breach  was 
about  30  feet  in  length  and  the  full  depth  of  the  dam;  the  wing- 
wall  connected  with  the  spillway  wall  was  demolished. 

The  spillway  opening  for  a flood  discharge,  at  the  time  of  the  fail- 
ure, was  109  feel  long  and  2^  feet  deep,  and  its  carrying  capacity 
was  about  1,300  second  feet.  It  was  capable  of  discharging  a flood 
run-otf,  therefore,  at  tire  rate  of  only  about  30  second  feet  per  square 
mile  of  tributary  drainage  area,  and  it  is  readily  understood  why 
it  became  tilled  and  the  embankment  overtopped. 

OAKFORD  PARK  DAM. 

The  failure  of  the  Oakford  Park  Dam,  on  a small  stream  in  West- 
ern Pennsylvania,  which  resulted  in  the  loss  of  twenty-three  lives, 
shows  that  a great  catastrophe  may  be  caused  by  the  failure  of  a 
comparatively  small  dam,  and  accentuates  the  importance  of  super- 
vision over  such  structures. 

The  structure  was  built  by  the  Pittsburgh,  McKeesport  & Greeus- 
burg  Traction  Company  in  1895,  to  form  a pleasure  lake  in  Oakford 
Park,  which  was  maintained  by  the  Traction  Company.  It  was  on 
Brush  Creek,  about  a mile  northeast  of  Jeannette,  and  the  drainage 
area  tributary  to  it  consisted  of  6 square  miles  of  rolling  farmland. 
The  reservoir  was  about  1,000  feet  long  and  covered  an  area  of  about 
G acres.  Directly  below  the  dam  were  a number  of  frame  build- 
ings, while  about  a mile  below  the  structure  the  creek  was  carried 
in  a culvert  through  the  embankment  of  the  Pennsylvania  Railroad 
Company. 

The  dam  was  about  25  feet  in  maximum  height,  constructed  of 
puddled  earth,  with  a spillway  at  one  end.  It  was  321  feet  long 
and  14|  feet  wide  on  the  crest.  Both  slopes  were  1 on  2,  and  were 
dry  paved  with  flat  stone.s,  averaging  4 inches  in  thickness,  12  to 
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ii-t  iiiclies  long,  aiid  12  indies  deep,  laid  on  edge.  The  embankment 
is  said  to  liave  been  Imilt  in  8-indi  iayers  ot  dayey  loam,  black  soil, 
and  gi'avel,  and  was  liard  and  compact.  There  was  no  core-wall  or 
pnddle  lining,  althongli  a rnlible  masonry  Avail  ot  small  stones,  laid 
in  cement  moidar  ot  poor  ([iiality,  2 teet  thick,  AAms  constructed  across 
tlie  original  creek  diannel,  alionl  25  teet  uiistream  trom  the  center 
line  ot  the  dam.  This  wall  Avas  extended  beneath  the  natural  ground 
surface  and  into  the  embanlunent  for  a distance  ot  3 or  4 feet.  The 
presence  ot  many  roots  “in  ]»lace,’'  Avhere  the  natnral  surface  of  the 
ground  AA'as  exposed  liy  the  breach  in  the  dam,  indicated  that  the 
oi'iginal  surface  Avas  not  strijijied  clean,  if  at  all,  in  preparing  the 
foundation  for  the  embankment. 

The  sjdllAvay,  25  feet  long,  at  the  eastern  end,  Avas  3 feet  beloAV 
the  crest  of  the  embankment.  A jiortion  of  this  sjiillway  had  been 
(piai'ried  out  of  sandstone  rock,  Avhile  the  remainder  AA'as  formed  by 
the  embankment,  Avhich  contained  a masonry  core-Avall.  The  spill- 
Avay  Avas  confined  on  the  embankment  side  by  a }nasonry  abutment 
A\adl  founded  on  rock,  Avhile  the  core-Avall  Avas  extended  from  the 
abutment  Avail  for  a distance  of  3 or  4 feet  into  the  earthen  embank- 
ment. The  inner  ajiproach  to  the  spillAvay,  next  the  Avail,  Avas  paved 
Avith  stone,  laid  in  cement  mortar,  the  grade  being  8 inches  in  0 
feet.  The  spillway  ciest  Avas  level,  3 feet  Avide,  and  formed  of  large 
cut  stones.  The  Avaste-way  Avas  cut  out  of  rock  in  9-inch  steps  at 
the  to]),  groAving  larger  at  the  bottom;  the  avei-age  slope  being  altout 
45  degrees.  The  abutment  Avail  Avas  21  feet  Avide  on  top,  iiicreasing 
to  5 feet  at  14.8  feet  down,  Avliere  it  Avas  sfiread  to  11  feet  in  Avidtb. 
The  capacity  of  the  sihlhvay  is  estimated  at  about  420  cubic  feet 
])ei‘  second,  i)i'oviding  for  a run-off  in  Brush  Creek  at  the  entirely 
inade(|uate  rate  of  Ttl  cubic  feet  per  second  ])er  square  mile  of  tribu- 
tai-y  drainage  area. 

On  duly  5tb,  1903.  eight  years  subsequent  to  its  construction,  the 
dam  failed  by  overto])])ing  of  the  eud)ankment.  Previous  to  this 
date  thei-e  had  been  lieaA’y  rains  in  Western  Pennsylvania,  so  that 
the  ground  AA'as  saturated  and  conditions  AA'ere  favorable  to  exces- 
sive mil  olf.  At  about  4 o'clock  in  the  afternoon  of  the  5th  a heavy 
rainstorm  occurred,  described  locall}'  as  a cloud-burst,  and  in  a feAv 
hours,  it  is  reported  by  a local  observer,  the  rainfall  amounted  to  5-^ 
inches.  This  resulted  in  excessive  run-off,  Avhich  could  not  be  en- 
tirely carried  by  the  sjiillAAay,  and  the  embankment  was  soon  over- 
tojqied.  It  is  said  that  a Avatchman  opened  a 24-inch  outlet  pipe 
through  the  dam  Avhen  the  Avater  began  to  floAV  over  the  crest  of  the 
embankment,  and  then  Avarned  the  many  visitors  in  the  park  of  their 
danger  and  endeavored  to  make  them  leave.  At  about  half  past  four 
o’clock  the  rainfall  Avas  exceptionally  heavy  and  the  dam  was 
breached.  The  excellent  iiuality  of  the  embankment  is  indicated 
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by  the  fact  that  the  breach  was  not  washed  through  tlie  structure 
uutil  almost  the  entire  downstream  portion  had  been  washed  away, 
leaving  an  almost  vertical  face,  which  showed  the  successive  layers 
employed  in  constructing  the  embankment.  It  is  rej^orted  that  t)ie 
water  rose  to  a height  of  between  2 and  M feet  above  the  crest  of  the 
embankment,  and  that  complete  failure  did  not  occur  until  a con 
siderable  time  had  elapsed  after  the  water  began  flowing  over  the 
earthwork,  reported  by  one  engineer  who  examined  the  structure 
as  fully  twenty  minutes,  and  by  another  as  about  one  hour. 

The  breach  in  the  dam  extended  from  the  spillway  abutment  to  a 
point  So  feet  toward  the  western  end.  The  maximum  cut  was  10 
feet  wide  at  the  bottom  and  do  feet  at  half  the  height  of  tlie  embank- 
ment, and  occurred  directly  over  the  old  creek  channel,  while  from 
this  point  to  the  spillway  abutment  a portion  of  the  inner  slojje 
of  the  embankment  remained.  A rubble  masonry  cut-off  wall,  cross- 
ing the  original  creek  channel,  was  breached  so  that  the  total  depth 
of  the  opening  was  25  feet.  There  was  also  a small  break,  about  8 
feet  wide  and  1 feet  deep,  tbrough  the  embankment  at  the  western 
end  thereof.  The  reservoir  rr  as  completely  emptied. 

Assrrming  the  depth  of  water  on  the  crest  of  the  dam  to  have  been 
3 feet,  it  has  been  determined  that  the  maximnm  rate  of  run-off  over 
the  embankment  and  tbrough  the  spillway  amounted  to  5,530  cubic 
feet  per  second;  and  as  tbe  drainage  area  was  6 square  miles  this 
would  eqrral  a run-off  at  the  rate  of  922  second  feet  per  s(prare  mile. 
With  2 feet  of  water  over  the  crest  of  the  embankment  the  discharge 
woirld  have  been  3,270  cirbic  feet  per  second,  or  a rnn-off  at  the  rate 
of  515  second  feet  per  square  mile  of  tributary  drainage  area. 

The  cairse  of  the  loss  of  life  due  to  this  failure  is  explained  iir  two 
ways,  both  of  which  are  here  given,  as  it  has  been  impossible  to 
authenticate  the  information  from  either  sorrrce.  Drrring  the  after- 
rroon  of  the  day  of  the  failure  there  were  many  pleasure-seekers  in 
the  park,  and  when  the  heavy  rain  began  many  of  them  sought  shelter 
in  variorrs  buildings  below  the  dam.  One  of  these  shelter  Ironses  was 
near  the  dam,  and  in  the  low  part  of  the  valley,  almost  directly  be- 
low the  breach  wliich  was  later  washe<l  tlirongh  the  structrrre.  It  is 
probable  that  the  people  wlio  congregated  in  this  building  would 
have  had  time  to  get  out  of  the  way  of  the  flood  had  they  realized 
the  danger  which  menaced  them;  but  it  was  raining  bard,  and  they 
did  not  try  to  escape,  even  after  the  endrankment  had  been  over- 
topped. When  tbe  embankment  failed  llie  reservoir  (piickly  emptied 
itself,  and  the  water  descended  upon  this  building  and  destroyed  it, 
carrsing  the  loss  of  23  lives. 

The  second  explanation  of  the  manner  in  which  the  lives  were 
lost  is  as  follows:  ‘‘The  flood-wave  rolling  down  the  Brush  Creek 
Valley  after  the  dam  gave  way  swept  all  the  frame  buildings  in  its 
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path,  ovei'turued  several  trolley  oars,  and  broke  down  a brick  wall 
at  the  end  of  the  car  barn.  One  of  the  trolley  cars,  full  of  people, 
was  standing  on  a small  stringer  bridge  over  Brush  Creek  at  the 
car  barn,  1,500  feet  below  the  dam.  The  greatest  loss  of  life  was 
caused  by  the  overturning  of  this  car.” 

The  Hood  continued  down  the  valley  to  the  culvert  through  the 
l’euu.sylvania  Bailroad  embankment,  which  was  about  IG  feet  high 
and  of  22-ft.  span.  This  cul\  ert  was  parti}"  obstructed  by  wreckage, 
and  the  water  rose  between  10  and  15  feet  above  its  top,  forming  a 
pool  probably  20  acres  in  extent,  which  lifted  barns  and  houses  from 
their  foundations.  Considerable  damage  was  done  to  the  railroad 
embankment,  and  30  or  10  feet  of  the  downstream  end  of  the  culvert 
was  destroyed,  leaving  one  of  the  railroad  tracks  suspended. 

SOUTH  FORK  DAM. 

The  South  Fork  Dam  was  constiucted  early  in  1853  by  the  State 
of  Pennsylvania,  for  tlie  purjutse  of  forming  a reservoir  to  feed  the 
Pennsylvania  Canal  during  dry  .seasons.  The  attention  of  the  Leg- 
islature was  called  to  the  necessity  of  such  a storage  reservoir  by 
the  Canal  Commissioners  in  1834,  and  surveys  were  authorized  for 
the  purpose  of  determining  upon  a .site  for  .such  regulating  works. 
Mr.  Sylve.ster  Welsh,  in  November,  1835,  recommended  the  con- 
struction of  an  840-ft.  ilam,  across  the  South  Fork  of  the  Little 
Coiiemaugh  Biver,  to  form  a leservoir  to  contain  about  485,000,000 
cubic  feet.  Jmter,  after  making  further  surveys  and  explorations, 
Mr.  Welsh  proposed  a reservoir  to  cover  4G5  acres,  with  a caj^acity 
of  525,000,000  cubic  feet,  by  the  construction  of  a dam  of  a height 
believed  to  have  been  72  feet.  Mr.  WeLsh  .said:  “It  is  proposed  to 
build  the  dam  of  embankment  and  a wall  of  masonry  in  conformity 
to  the  jdan  heretofore  submitted.  The  waste  water  .should  be  car- 
ried througli  a channel  around  the  end  of  the  dam,  and  passed  into 
the  ravine  below  it.  The  bed  of  this  channel  would  be  of  solid  rock. 
No  water  should  be  permitted  to  pass  over  the  dam.  The  sluices, 
through  which  the  water  would  be  drawn  from  the  reservoir  when 
re(iuired  for  use,  should  be  made  of  cast  iron,  set  in  masonry.” 

The  Legislature  in  July,  1839,  ap]uopriated  .$70,000  for  the  con- 
stiaictiou  of  the  projiosed  South  Fork  and  other  reservoirs,  and  the 
work  was  placed  under  the  supervision  of  William  E.  Morris,  C.  E. 
The  Board  reported  on  October  31st,  1839,  that  the  necessary  sur- 
veys had  been  completed,  the  location  for  the  dam  determined 
upon,  and  the  work  placed  under  contract.  Mr.  Morris  approved 
of  the  location  for  the  dam  and  reservoir  as  recommended  by  Mr. 
Welsh,  and  decided  in  favor  of  an  earthen  embankment,  the  original 
plan  of  which  is  on  file  in  the  Department  of  Internal  Affairs  at 
Harrisburg.  The  contract  was  awarded  to  James  Morhead  and 
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embankment  at  the  point  at  Avhicli  the  ontlet  pipes  entered  the  cul- 
velt,  wliere,  in  -Inly,  1S(>2,  a serious  break  occmrred;  the  upper  end 
of  the  culvert  and  a part  of  the  embankment  being  Avashed  out,  al- 
tliough  2b  feet  of  the  loAver  end  of  the  culvert  and  the  embankment 
over  it  remaineil  in  ]>lace.  The  damage  caused  by  the  em])tyiug  of 
file  I'eseivoir,  Avhich  Avas  only  ])artia]ly  filled,  aauis  slight,  and  the 
breach  aauas  not  repaired  l»y  the  lailroad  company;  the  Avestern 
di\ision  of  tlie  canal,  from  .lohustoAvn  to  Blairsville,  being  abandoned 
on  May  1st,  1SG3.  In  IMaicli,  ISTb,  the  dam  and  reservoir  Aveie  sold 
to  Mr.  John  IJeilly,  and  in  June,  ISSt),  came  into  the  possession  of 
the  f^outh  Fork  Uunting  and  Fishing  Club  of  IMttsburgh.  A feAv 
months  previous  to  this  the  repair  of  th.e  structure  Avas  begun,  the 
Avoi'k  l)eing  let  by  contract  to  Col.  r>.  F.  Rulf.  Tlie  folloA\'ing  is  an 
account  of  this  re]iair  Avork,  as  contained  in  the  Iteport  of  the  Com- 
mittee of  the  American  Society  of  Civil  Engineers  upon  the  cause  of 
the  failure  of  the  South  Fork  Earn: 

“Tlie  live  lines  of  the  24-incli  sluice  pi]tes  Avere  taken  out;  the 
masonry  on  Avliich  theA"  AA'ere  laid  and  the  remains  of  the  culvert 
Avere  left.  A sheet-])iling  of  plank  Avas  put  across  the  loA\mr  part 
f)f  the  breach.  The  original  ]»lan  of  making  the  loAAmr  angle  of  the 
end)ankment  of  stone  Avas  adopted,  and  stone  of  as  large  size  as 
could  be  obtained  in  the  vicinity  AA’ere  dum]»ed  into  the  breach,  letting 
them  form  natural  slopes.  Tin's  stone  eml)ankment  AA'as  carried  up 
until  it  I'cached  such  a height  as  to  enalde  a road  to  be  graded  doAvn 
from  the  remaining  j)arts  of  the  dam  on  each  side  of  the  breach,  so 
that  material  cordd  be  hauled  in  carts  from  the  borroAA^-pits  on  the 
liillside.  Tliere  being  no  sluices  foi-  the  discharge  of  the  floAv  of 
the  stream,  the  suri>lus  AA'ater  found  its  Avay  through  the  stone  em- 
l)ankment,  the  Avater  in  the  reservoir  rising  as  the  tilling  on  the  upper 
side  of  the  stone  embankment  j>roceeded.  The  Avashing  of  the  filling 
through  the  stone  embankment  Avas  prevented  by  covering  its  faces 
Avith  brush,  hay,  etc.  The  mater-ial  relied  on  to  form  the  AAmtertight 
embankment  consisted  of  clay  and  shale,  AAdiich  Avas  dumped  in  on 
the  u])pei'  side  of  the  stone  embankment  and  carried  up  in  layers  to 
the  full  Avidth  of  the  remaining  parts  of  the  original  dam.  There 
AA’as  no  systematic  ])uddling  done;  but  the  hauling  by  teams  oA’er  the 
fleshly  deposited  material,  AA’hich  AA’as  kept  AA’et  by  the  rising  Avmter, 
made  a fairly  compact  embankment  on  the  upper  side  of  the  stone 
embankment.  The  AAmrk  was  not  completed  that  season.  During  the 
following  Avinter  it  Avas  damaged  by  a Hood,  and  the  next  year, 
1S81,  the  Ilunting  and  Fishing  Club  completed  it  by  day-work.  The 
slopes  on  both  side  of  the  embankment  AA’ere  covered  AA’ith  a heaA’y  rip- 
rap. According  to  Mr.  Morris  original  plan  and  specifications  the 
top  of  the  dam  was  10  feet  wide  and  10  feet  above  the  ordinary  sur- 
face of  the  Avater  in  the  reservoir,  AAdiich  is  understood  to  be  nearly 
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the  same  as  the  floor  of  the  waste-way.  By  our  levels  the  floor  of  ihe 
waste-way,  for  17G  feet  from  the  lake,  averages  1()02.82  feet  al)ove 
tidewater.  Tlie  elevation  at  eiglit  points  on  the  top  of  the  remaining 
parts  of  the  dain,  where  not  affected  l)y  the  late  washout,  is  1610.78, 
being  7.96  feet  al)Ove  the  floor  of  the  waste-way,  or  2.01  feet  below 
its  height  as  originally  designed.  This  accords  substantially  with 
the  statements  of  parties  living  in  the  vicinity,  to  the  effect  that, 
when  the  breach  was  re]»aired  in  1880-81,  the  top  of  the  dam  was 
lowered  about  two  feet,  in  order  to  make  a more  convenient  road- 
way over  it,  the  remains  of  which  are  now  15  to  20  feet  wide.'’ 

Mr.  Morris'  specifications  provided  that  the  waste-way  should 
have  a length  of  150  feet,  its  crest  being  10  feet  below  the  elevation  of 
the  top  of  the  eml)ankment.  As  actually  bnilt,  however,  the  effective 
length  of  the  spillway  was  less  than  70  feet,  the  length  at  the  en- 
trance, where  it  was  longest,  being  about  120  feet,  and  at  the  point 
at  which  the  waste-war’  started  to  fall,  176  feet  from  the  reservoir, 
it  was  6)9  feet,  which  must  be  considered,  therefore,  as  fhe  etfective 
lengfli  in  determining  its  capacity. 

At  fhe  entrance  to  the  sjiillway  a wooden  bridge  was  constrncted 
across  fhe  same,  for  the  jmrpose  of  carrying  the  road  which  fol- 
lowed the  creek  to  Sonfh  Fork.  Tliis  bridge  was  123  ft.  4 in.  long, 
and  was  supported  on  wooden  sills  at  both  ends,  and  by  a series  of 
wooden  trestles  si)aced  15  ft.  6 in.  apart.  The  elevation  of  the  top 
of  the  sill  under  the  bridge  in  the  waste-way,  which  was  99  feet  in 
width,  was  1663.-4,  and  tlie  deration  of  the  floor  beam  of  the  bridge 
was  1613.9,  a difference  in  elevation  therefore  of  10.5  feet.  The 
spaces  between  fhe  trestles  which  supported  the  bridge  were  partly 
obstructed  by  fixed  and  movable  tish-screens. 

The  historic  failure  of  the  dam  occurred  on  May  31st,  1889,  and 
was  caused  by  water  overflowing  the  top  of  the  embankment,  due  to 
a flood  ill  the  stream,  caused  by  the  heavy  rainstorm  of  May  30th 
and  31st,  and  to  insufficient  spillway  capacity.  The  following  is 
quoted  from  the  Transactions  of  the  American  Society  of  Civil  En- 
gineers, with  regard  to  this  rainfall: 

“On  May  30  and  31  and  .liiiie  1,  1889,  there  was  a great  rain  on 
an  area  of  about  20,000  square  miles,  mostly  in  Pennsylvania,  but 
extending  into  ISIaryland,  Virginia,  and  West  Virginia.  It  is  esti- 
mated that  about  three-fourths  of  this  area,  or  15,000  square  miles, 
constituted  the  flood.ed  area  in  I’ennsylvania  ; the  greatest  amount 
of  water  appears  to  have  fallen  near  the  summit  of  the  Allegheny 
Mountains  and  a little  east  of  the  same,  where  the  rainfall  was 
reported  to  have  been  8 inches  to  10  inches  in  18  to  36  hours.  Of- 
ficial records  of  the  rainfall  are  reported  fi'om  about  50  stations; 
but  there  is  none  from  any  point  on  fhe  water.shed  of  the  8outh  Fork 
reservoir,  and  it  can  only  be  inferred  from  observations  reported 
from  the  watersheds  in  the  vicinity The  north- 
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east  and  southeast  quarters  include  parts  of  the  summits  of  the 
Alleghenies  and  of  their  eastern  slopes.  The  easterly  boundary 
of  the  ^^outh  Fork  watershed  is  this  siimmit,  and  by  inspection  of 
ihe  table  and  the  accompanying  map,  we  infer  that  the  rainfall  on 
ihis  watershed  rvas  from  G to  S inches.  As  we  are  informed,  the 
hea\  iest  i»art  of  the  rain  was  during  the  night  of  May  30  and  31, 
during  which  time  it  a]i])ears  that  there  must  have  been  several 
hours  when  it  fell  at  a rate  of  not  less  than  two-thirds  of  an  inch 
an  hour  on  this  Avatershed.” 

An  account  of  the  failure  of  the  dam  is  contained  in  the  Trans- 
actions of  the  American  Society  of  Civil  Engineers,  as  observed  by 
iMr.  John  G.  Parke,  Jr.,  a civil  engineer,  who  Avas  an  eye-Avitness 
and  who  Aviote  the  folloAving  letter  to  the  President  of  the  Ameri- 
can Society: 

‘AYe  rowed  to  the  club-house  and  found  the  Avater  had  risen  at 
a AA'onderful  rate  during  our  roAV  to  the  top  of  the  lake.  I had  been 
thinking  of  the  dam,  and  Avas  not  surprised  AA'hen  landing  to  be  told 
that  the  water  Avas  nearly  over  the  dam  and  that  men  and  a plow 
were  needed  there.  So  taking  a horse  from  the  stable,  I rode  to  the 
breast  and  found  Colonel  Unger,  President  of  the  South  Pork  Fish- 
ing and  Hunting  Club  at  AAmi  k on  the  dam  with  a number  of  Italian 
laborers  (that  we  had  employed  on  some  sewerage  work);  there 
were  about  IG  of  them.  Half  of  them  AAmre  cutting  a ditch  around 
Ihe  shale  rock  at  one  end  of  the  breast.  This  ditch  was  cut  through 
Ihe  original  ground  and  about  25  feet  from  the  constructed  portion 
of  the  lueast.  The  shale  Avas  so  tough  that  they  could  not  cut  it 
more  than  about  14  inches  deep  and  aliout  2 feet  Avide,  but,  Avhen  it 
Avas  cut  through  to  the  lake,  the  Avater  rushed  in  and  soon  made  it 
a swift  stream,  25  feet  Avide  and  about  20  inches  deep;  but  the  rock 
Avas  so  hard  that  it  could  not  cut  it  any  larger  than  this.  Previous 
to  this  being  opened  and  shortly  afterAvard,  I made  two  observa- 
tions of  the  height  of  the  water,  and  the  lake  in  the  hour  had  risen 
0 inches.  During  the  digging  of  this  ditch  I rode  back  and  forth 
over  the  dam  directing  the  laborers.  We  had  a plow  at  AAmrk  throAA^- 
ing  up  a furrow,  and  thus  raising  a temporary  barrier  or  breast  to 
letard  the  water  floAving  over  the  dam,  should  it  reach  that  height, 
which  it  AA'as  gradually  doing.  T noticed  that  the  waste-wier  proper 
was  discharging  to  its  full  capacity,  and  that  there  was  no  drift 
or  other  matter  to  clog  it,  except  a road  bridge  supported  on  small 
posts  which  were  apparently  offering  but  little  resistance  as  the 
wier  was  narroAver  by  about  15  feet  at  100  feet  from  its  mouth,  and 
this  contraction  comj>ensated  for  the  resistance  to  flow  offered  by 
the  bridge  supports.  There  was  probably  seven  feet  of  water  in  the 
wier  at  the  time.  There  were  some  iron  screens  between  the  foot  of 
each  jjost  on  the  outer  roAv  of  the  bridge  supports,  but  they  were 
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but  18  inches  high  and  could  not  have  been  removed,  had  we  wished  to, 
owing  to  the  depth  and  velocity  of  the  water.  The  water  in  the 
lake  rose  until  it  was  passing  over  the  breast,  notwithstanding  that 
the  lake  had  then  the  two  outlets  (the  waste  wier  and  the  one  cut  by 
the  laborers).  The  breast  was  slightly  lowered  in  the  center  and 
the  water  washed  away  our  temporary  embaiilcment  thrown  up  by 
the  plow  and  shovels,  and  the  water  was  passing  over  in  many 
places  in  a distance  of  300  feet  about  the  center  of  the  breast;  the 
men  stuck  to  their  task  and  worked  until  the  water  was  passing 
over  in  nearly  one  sheet,  and  then  they  became  frightened  and  got 
off  the  breast.  I saw  what  would  be  the  consecpience  when  the  water 
passed  oyer  the  breast  and  rode  to  South  Fork  village  and  warned 
the  people  in  the  low  lands  there,  and  had  word  telegraphed  to 
Johnstown  that  the  dam  was  in  danger.  The  people  in  South  Fork 
heeded  the  warning  and  moved  out  of  their  houses.  When  I left 
South  Fork,  to  return,  it  was  just  12  o’clock  noon,  and  the  water 
had  been  flowing  over  the  clam  for  at  least  a half  hour.  I I’ode 
back  up  to  the  lake,  miles  through  the  valley,  and  found  the  men 
had  torn  up  a portion  of  the  flooring  of  the  cvaste-wier  bridge  and 
were  endeavoring  to  remove  the  “V”  shaped  floating  drift  guard 
that  projected  into  the  lake.  It  was  a light  affair  and  was  built  to 
float  on  the  surface  of  the  lake  and  catch  twigs,  leaves,  etc.,  and  pre- 
vent their  clogging  up  the  iron  screenes  spoken  of  above.  I crossed 
the  breast  at  this  time,  and  found  the  water  was  cutting  the  outer 
face  of  the  dam,  but  not  as  badly  as  I feared  it  would;  its  greatest 
effect  was  on  some  i>ortions  of  the  roadway  which  crossed  the  breast 
where  the  roadway  had  been  widened  on  the  lower  side  by  the  addi- 
tion of  a shale  earth  or  disintegrated  shale,  upon  which  the  action 
of  the  water  was  instantaneous,  but  the  heavy  riprapping  on  the 
outer  face  of  the  dam  protected  this  wash  and  the  water  cut  little 
gullies  between  each  of  the  large  stones  for  riprap.  T did  not  stay 
on  the  dam  when  it  was  in  that  condition,  but  went  on  to  the  end 
of  the  dam,  and  found  that  over  its  entire  top  it  was  serried  by 
little  streams  where  the  water  had  broken  through  our  little  embank- 
ment and  was  running  over  the  dam.  I went  on  to  the  new  waste- 
wier  we  had  cut  and  found  it  carrying  off  a great  volume  of  water 
and  at  a great  velocity.  I with  difficulty  waded  it  and  found  that  it 
was  up  to  my  knees,  or  20  inches  deep.  I felt  confident  that  noth- 
ing more  could  be  done  to  save  the  dam  unless  we  were  to  cut  a 
wasteway  through  the  dam  proper  at  one  end  and  allow  it  to  cut 
away  in  but  one  direction,  and  that  towards  the  center  of  the  dam; 
but  this  I would  not  dare  to  do,  for  it  meant  the  positive  destruc- 
tion of  the  dam,  and  the  water  at  the  time  was  almost  at  a stand, 
owing,  without  doubt,  to  the  large  increase  of  outlet  by  the  over- 
flow on  the  breast,  and  T hoped  that  it  would  not  rise,  but  yet  ex- 
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pected  it  to  rise,  for  it  loot  been  raining  most  all  of  the  morning, 
and  consequently  we  had  more  water  to  expect.  I hurried  to  the 
clnh-honse  to  get  my  dinner  and  to  note  the  height  of  the  water  in 
the  lake,  and  found  that  it  was  a little  over  a stake,  that  from  my 
level  notes  of  a sewer  I was  constructing  I knew  was  7.4  feet  above 
the  natural  lake  level.  I returnd  to  the  dam  and  found  the  water 
on  the  bi  east  had  washed  away  several  large  stones  on  the  outer  face, 
and  had  cut  a hole  about  10  feet  wide  on  the  outer  face  and  about  4 
feet  deeit;  the  water  running  into  this  hole  cut  away  the  breast  in 
tlie  form  of  a step  both  horizontally  and  vertically,  and  this  action 
went  on  widening  and  deeijening  this  hole  until  it  was  worn  so 
near  to  the  body  of  the  water  in  the  lake  that  the  ju-essure  of  the 
watei-  broke  through;  and  then  the  water  rn.shed  through  this 
trough,  and  cut  its  n-ay  I'ajtidly  into  the  dam  at  each  side  and  the  bot- 
tom, and  this  continued  until  the  lake  was  drained.  I do  not  know 
the  actual  time  it  consumed  in  ]*assing  through  the  breach,  but  it 
was  fully  4.5  minutes.  It  did  not  take  long  from  the  time  that  the 
water  brolce  into  this  trough  until  there  was  a ])erfect  torrent  of 
water  rushing  thiongh  the  breast,  carrying  everything  before  it; 
trees  growing  on  the  outer  face  of  the  dam  were  carried  away  like 
straws.  The  water  ruslied  out  so  rapidly  that  there  was  a depres- 
sion of  at  least  10  feet  in  the  surface  of  the  water  flowing  out,  on  a 
line  witli  the  innei-  face  of  the  breast  and  slo})ing  back  to  the  level 
of  the  lake  about  150  feet  from  Itreast,  exactly  similar  to  water  flow- 
ing flu’ougli  a rectangulai'  sluice-rvay  in  the  side  of  a trough  with 
the  water  level  far  above  the  bottom  of  the  sluice-way.  When  the 
lake  was  drained  tliere  still  remained  in  the  bed  of  it  a violent 
mountain  stream  4 or  5 feet  dee]i,  with  a swift  cni-rent,  the  combina- 
tion of  the  two  streams  alieady  alluded  to  from  the  head  of  the  lake 
and  the  many  litle  streams  from  the  adjacent  hills,  which  streams 
were  all  overflowing  their  banks;  this  streain  in  the  bed  of  the  lake 
.showed  no  signs  of  diminishing  in  volume  until  late  in  the  follow- 
ing day,  and  was  im])assable  with  a boat  for  several  days. 

“I  need  say  nothing  of  the  character  of  the  dam,  for  it  is  open  for 
insjiection  of  those  far  more  able  to  express  an  o])inion  than  I.  Bu+ 
there  is  one  thing  I want  to  impiess  on  every  one’s  mind,  and  that  is, 
that  the  dam  did  not  break,  but  was  washed  by  the  water  passing 
over  it  from  11. .30  o’clock  A.  ^1.  until  nearly  3 Ik  M.,  until  the  dam 
was  made  so  thin  at  one  point  that  it  could  not  withstand  the  pres- 
sni-e  of  the  water  behind  it,  and,  the  water  once  ru.shing  through  this 
troTigh,  nothing  could  withstand  it.” 

The  folloAving  description  of  the  breach  washed  in  the  embank- 
ment it  contained  in  the  Transactions  of  the  American  Society  of 
Civil  Engineers: 
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"The  breach  in  tlie  embankinent  is  about  24  feet  wide  at  the  top 
and  50  to  200  feet  wide  at  the  bottom,  the  amount  of  earth  and 
stone  in  the  same  being  about  90,000  cubic  yards.  All  the  ma- 
terial put  in  in  ISSO-Sl  to  rejiair  the  breach  of  1802  ai*pears  to  have 
been  washed  out,  together  with  a part  of  the  old  embankment  made 
in  1851-52.  Some  parts  of  this  old  work  are  exposed  l)y  the  Hood 
and  indicate  that  it  offered  great  resistance  to  washing,  and  that  it 
was  originally  selected  and  part  in  witli  the  retpusite  care  to  make 
a sound  embankment.  The  original  construction  of  the  embank- 
ment, as  indicated  by  the  plan  and  specifications,  and  more  particu- 
larly the  mode  of  repairing  the  breach,  may  be  objected  to  as  not 
being  according  to  the  best  ])iactice:  nevertheless,  the  lailure  of  the 
dam  cannot  be  attributed  to  any  defect  in  its  construction.  The 
failure  was  due  to  the  flow  of  the  water  over  the  to]i  of  the  earthen 
embankment,  caused  by  the  inefficiency  of  the  wasteway  to  discharge 
the  Hood  wafer.” 

The  Committee  which  examined  the  South  Fork  dam  after  its  fail- 
ure went  to  considerable  trouble  in  attempting  to  determine  the  maxi- 
mum rate  of  run-off  in  the  South  Fork  of  the  Little  Coueniaugh  River 
at  the  dam  site,  the  conclusion  reached  being  that  this  maximnm 
How  occured  at  about  4 P.  INI.  on  May  Hist,  and  amounted  to  about 
10,000  cubic  feet  per  second.  This  would  equal  a ruii-oH  at  the  rate 
of  206  second  feet  per  square  mile  from  the  tributary  drainage  area 
of  48.6  s(iuare  miles.  With  regaid  to  the  capacity  of  the  waste- 
way, the  report  of  the  Committee  on  the  South  Fork  Dam  states: 
"Assuming  the  maximum  How  into  the  l eservoir  to  have  been  10,000 
cubic  feet  per  second,  and  the  waste-way  to  have  been  constructed 
according  to  Mr.  Morris’  sx>ecifications,  with  the  other  outlet  at  the 
entrance,  we  estimate  that  the  corresponding  height  in  the  resei’- 
voir  would  have  been  7.80  feet  above  the  crest  of  the  w,aste-way,  or 
2.20  feet  Ijelow  the  top  of  the  emltankment,  as  specified  by  him.  With 
the  Hve  lines  of  24-inch  sluice  pipes  discharging  to  their  full  capacity 
at  the  same  time  under  70  feet  head,  as  no  doidtt  was  originally  de- 
signed to  be  done  in  an  emergency,  we  estimate  the  height  in  the 
reservoir  to  be  7.52  feet  or  2.48  feet  below  the  top  of  the  embank- 
ment. The  height  of  the  embankment  as  constructed  in  1851-53  was 
according  to  Mr.  Morris'  plan  and  speciffcations.  According  to  our 
method  of  estimating  the  How  through  the  waste-way  the  discharge 
through  it,  when  free  from  obstruction,  and  the  water  in  the  reser- 
voir just  up  to  the  top  of  the  embankment  as  originally  constructed, 
and  the  sluice  pipes  discharging  to  their  full  capacity  would  be 
6923  cu.  ft.  per  second.  For  the  waste-way  and  sluices  as  constructed 
in  1851-53  to  discharge  7980  cu.  ft.  per  second,  which  we  have  esti- 
mated above  to  have  been  the  How  into  the  reservoir  at  the  time  of 
the  breach,  the  height  in  the  reservoir  under  the  same  conditions 
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would  be  10.95  feet  above  the  floor  of  the  waste- way,  or  about  1 foot 
above  the  top  of  the  eiiibaiikmeut  as  originally  constructed.  For  the 
discharge  of  the  maximum  quautity  entering  the  reservoir,  which  we 
tliink  was  not  less  than  10,000  cu.  ft.  per  second,  under  the  same  con- 
ditions would  require  a depth  of  al)Out  10.03  feet 


In  concluding,  we  must  state  that,  while  our  deductions  are  based 
on  our  observations  of  rainfall  and  of  flow,  Avliich  are  necessarily  ap- 
proximate, we  feel  satisfied  that  they  are  not  far  from  the  truth. 
There  can  be  no  question  that  such  a rainfall  had  not  taken  place 
since  the  construction  of  tlie  dam.  But  the  surface  of  the  watershed 
is  quite  steep,  and  the  consequent  rapid  discharge  of  a large  percent- 
age of  the  rainfall  into  the  reservoir  would  require  a very  large  out- 
let to  prevent  a dangerous  accumulation.  The  spillway,  however,  had 
not  a sufficient  discharging  ca])acity;  contrary  to  the  original  specifi- 
cations of  Mr.  W.  E.  Morris,  requiring  a width  of  overflow  of  150  feet 
and  a depth  of  10  feet  beloAv  crest,  which  Avould  have  been  a suf- 
ficient size  for  the  flood  in  the  present  case,  it  had  only  an  effective 
width  of  70  feet,  and  a dejAth  of  about  8 feet;  the  accumulated  water 
rose  to  such  a height  as  to  overflow  the  crest  of  the  dam  and  caused 
it  to  colla]>se  by  wasliiug  it  down  from  the  top.  The  dam  itself,  or 
the  parts  of  it  which  were  left  standing,  showed  undoubtedly  that  it 
was  well  and  thoroughly  built,  and  that  it  Avould  have  successfully  re- 
sisted the  pressure  of  the  water.  The  exposed  sides  of  the  breaks  show 
distinctly  that  the  compact  lajmrs  of  which  the  structure  v\ms  formed 
were  not  obliterated  by  the  wearing  action  of  the  flood,  and  they 
stand  conspicuous  Avitnesses  of  the  value  of  an  earth  embankment, 
Avhen  Avell  built  of  good  materials,  to  impound  large  bodies  of  Avater.” 

The  flood  in  the  Conemaugh  Valley  caused  by  the  rain  of  May 
30th  and  31st,  and  by  the  failure  of  the  South  Fork  Dam,  caused  a loss 
of  life  estimated  by  the  Secretary  of  the  Flood  Relief  Commission  on 
June  30th,  1890,  to  have  been  2,143,  Avhile  the  property  loss  was  esti- 
mated at  belAveen  83,000,000  and  .f4,000,000.  Before  the  failure  of 
the  dam  a jiortion  of  the  city  of  Johnstown  Avas  already  inundated  to 
an  unprecedented  extent,  the  Avater  being  10  feet  deep  in  some  of  the 
streets,  preventing  many  people  from  escaping  from  their  homes, 
Avhen  The  flood  caused  by  the  failure  of  the  dam  reached  the  city.  The 
mass  of  debris  carried  by  the  flood,  consisting  of  houses,  bridges  and 
other  Avreckage,  lodged  against  the  railroad  stone-arch  bridge  at  the 
loAver  end  of  the  city,  forming  a barrier,  which  still  further  raised 
the  water  and  floated  other  buildings  from  their  foundations;  much 
of  this  Avreckage  later  burned.  Tlie  loss  of  life  and  property  was  the 
most  disastrous  ever  recorded  from  the  failure  of  a dam.  The  struc- 
ture has  never  been  repaired  or  rebuilt. 
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KEPORT 


of  the 

WATER  SUPPLY  COMMISSION  OF  PENNSYLVANIA 

UPON 

THE  FEASIBILITY  OF  CONSTRUCTING  A STORAGE 

RESERVOIR 

in 

P Y M A T U N I N G S W A P 
CRAWFORD  CO.,  I*A. 


Office  of  the  Water  Supply  Coininission  of  Pennsylvania, 

Harrisburg,  Penna.,  December  31st,  1912. 

To  the  Members  of  the  Senate  and  the  House  of  Representatives,  of  tlie 
Commonwealth  of  Pennsylvania : 

In  compliance  with  the  provisions  of  the  Act  of  the  General  As- 
.senibly,  approved  the  11th  day  of  June,  1911,  the  Water  Supply  Com- 
mission of  Pennsylvania  respectfully  submits  its  report  upon  the  feasi- 
bility of  constructing  a storage  reservoir  in  Pymatuning  Swamp, 
Crawford  County,  Pa.,  and  its  influence  in  regulating  the  flow  of  the 
Shenango  and  Beaver  rivers. 

The  Commission  has  made  a thorough  topograpliical  survey  of  the 
swamp,  and  surrounding  area,  plotted  the  same  on  a scale  of  300  feet 
to  the  inch,  with  2 feet  contour  intervals,  carefully  investigated  the 
proposed  dam  and  reservoir  site,  examined  conditions  along  the  Shen- 
ango and  Beaver  rivers  below  said  swamp,  studied  the  hydrograpliic 
features  by  means  of  precipitation  and  stream  discharge  records  and 
measurements,  has  prepared  jireliminary  plans  of  the  proposed  work, 
has  estimated  the  cost  of  the  project,  and  has  determined  that  the  con- 
stniction  of  a storage  reservoir  is  feasible. 

PYMATUNING  SWAMP. 

Pymatuning  Swamp  is  an  extensive  morass  covering  10,100  acres  in 
southwestern  Crawford  County,  at  the  lieadwaters  of  the  Shenango 
river,  near  the  summit  of  tlie  divide  lietween  the  Ohio  river  and  Lake 
Erie  drainage,  its  elevation  being  approvimately  1,000  feet  above  sea 
level.  The  land  immediately  adjoining  the  morass  is  periodically  over- 
flowed and  is  used  chiefly  for  pasture,  while  that  beyond  and  above 
the  swamp  level  is  devoted  to  agriculture.  The  greater  portion  of  the 
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swamp  proper  is  densely  overgrown  with  timber  or  brush,  while  much 
of  the  bordering  land  is  forest  covered.  The  population  in  the  pro- 
posed reservoir  area  is  ahont  25t),  equivalent  to  10  persons  per  square 
mile.  Six  square  miles  of  a total  of  24.7  which  would  be  overflowed 
lies  in  the  State  of  Ohio. 

PREVIOUS  LEGISLATION. 

The  Pymatuniug  Swamp  has  been  the  subject  of  considerable  legis- 
lation, principally  with  relation  to  the  drainage  thereof,  and  as  early 
as  February  2yth,  1868,  a resolution  was  passed  by  the  Legislature 
providing  for  “a  survey  and  estimate  of  expense  of  reclaiming  certain 
bodies  of  land  in  tlie  county  of  Crawford,  known  as  the  Conneaut  and 
l\ymatuning  Marshes,  and  a rei>ort,  with  plans  and  estimates,  of  the 
practicability  and  expense  of  the  same,  to  the  next  Legislature.”  This 
snr\ey  was  made  by  Col.  James  Worrall,  a civil  engineer,  who  re- 
ported favoiably,  on  January  28th,  1869.  Nothing  was  done,  how- 
ever, as  the  result  of  this  rejiort. 

The  Legislature  of  1907  ]»assed  aii  Act,  on  June  13th,  1907,  by 
which  .fl0,000  was  appro])riated  to  the  State  Highway  Department 
with  whieh  to  make  surveys  of  I’yniatuuing  Swamp  and  determine 
iil»on  the  “best  course  and  method  of  making  channels  for  draining 
the  same  and  improving  the  highways  therein,  to  advertise  for  pro- 
posals and  let  contracts  for  making  such  channels  and  draining  said 
swamp”  * * * “pi'ovided,  however,  that  the  plans  shall  be  ap- 

ju'oved  by  the  Water  Commission.”  It  further  provided  that  no  por- 
tion of  tliis  ajq)ro]niation  .shouhl  become  available  “until  the  citizens 
of  said  county  (Crawford)  shall  have  raised  a like  amount  for  the 
impi'ovement  of  the  highways.” 

The  county  having  failed  to  raise  the  money  required  by  the  Act, 
and  no  steps  having  been  taken  by  the  Highway  Department  to  put 
the  same  into  effect  the  1909  Legislature  repealed  the  provision  re- 
quiring the  raising  in  tlie  county  of  an  equivalent  sum  to  that  ap- 
pro] n-iated. 

Following  the  ])assage  of  this  repealer  the  Highway  Department 
jnoceeded  to  make  surveys,  and  to  prepare  plans  and  estimates,  and  in 
June,  1909,  submitted  its  jdan  for  the  proposed  drainage  of  the  swamp 
to  the  Water  Supitly  Commission.  The  Commission  made  an  ex- 
amination of  the  swam])  and  held  hearings  at  which  a number  of  pro- 
tests were  made  against  the  proposed  drainage,  on  the  ground  that 
(he  swamp  was  a valuable  storage  area  and  helped  to  maintain  the  dry 
weather  flow  of  the  Shenango  river.  The  hearing  disclosed  that  there 
is  a large  consumption  of  water  from  this  stream,  and  an  insufficient 
flow  therein.  It  also  indicated  the  possible  injurious  effect,  on  the 
communities  down  the  river,  which  might  result  from  the  drainage 
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of  the  s-\vamp,  and,  at  the  same  time,  the  possible  advantages  of  con- 
verting the  swamp  into  an  artificial  storage  reservoir  for  increasing 
tlie  dry  weather  flow.  Asa  result  of  its  investigation  the  Commission 
refused  to  approved  the  plans  as  submitted. 


ACT  OF  1911. 

The  Legislature  of  1911  passed  an  Act,  June  14th,  appropriating 
fdO.OOO  to  the  Water  Supply  Commission,  with  instructions  to  ex- 
amine into  the  feasibility  of  the  reservoir  project  and  to  report  to 
the  Legislature  of  1913,  accompanying  such  report  with  plans  and 
estimates  of  cost.  The  Act  above  referred  to  is  as  follows: 

AN  ACT 

Providing  for  a srrrvey  of  Pymatrrning  Swamp,  and  an  examination 
into  the  feasibility  of  constructing  a reservoir  therein  to  coirserve 
the  waters  draining  into  said  swainj),  and  making  an  appropriation 
therefore. 

Section  1.  Be  it  enacted,  etc..  That  the  Water  Supply  Com- 
mission of  Pennsylvania  is  hereby  directed  to  survey  the  Pymatnn- 
ing  Swamp,  in  Crawford  County,  Pennsylvania,  and  lands  con- 
tigrrous  or  adjacent  thereto,  and  to  examine  into  the  feasibility  of 
constructing  a dam  or  dams  across  the  outlet  or  outlets  of  said 
swamp,  whereby  the  waters  entering  th.e  same  may  be  conserved,  to 
regulate  the  flow  of  water  in  the  Shenango  and  Beaver  rivers.  The 
said  Commission  shall  prej>are  maps,  plans  and  estimates,  and  re- 
port in  writing  to  the  T-egislatnre  of  one  thousand  nine  hundred 
and  thirteen,  giving  the  results  of  such  survey  and  examination, 
and  such  additional  information  and  recommendations  as  the  Com- 
mission shall  deem  proper. 

Section  2.  That  the  sum  of  Ten  Thousand  Dollars  |.*?10,0fl(D  or 
so  much  thereof  as  ma}’  be  necessary  be  and  the  same  is  hereby 
specifically  ap7)ropriated  to  the  Water  Supply  Commission  of  Penn- 
sylvania. for  the  purpose  of  carrying  into  effect  the  provisions  of 
this  Act. 

APPBOVED  the  14th  day  of  June,  A.  D.  1911 — .John  K.  Tener. 


EXISTING  CONDITIONS. 

1.  The  present  flow  of  the  Shenango  and  Beaver  rivers  at  numer- 
ous points,  particularly  Sliai'psville.  Sharon,  Farrell,  and  New  Castle, 
is  insufficient  to  adequately  supply  the  needs  of  these  communities  and 
their  growth  has  been,  and  will  continue  to  be.  seriously  hampered  un- 
less a sufficient  water  supjdy  is  made  available.  The  minimum  stream 
flow  at  Sharon  and  New  Castle  is  approximately  20  and  25  cubic  feet 
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]'er  second,  respectively,  while  tlie  total  demand  of  all  the  communi- 
ties and  works  using  tlie  stream  is  approximately  350  cubic  feet 
per  second. 

2.  hainage  by  Hoods  at  several  points  along  the  river  has  been 
serious,  ludably  at  Shai'on  and  A’^ew  Castle,  while  agricultural  low- 
lands along  the  entire  stream,  as  well  as  railroads,  highways  and 
bridges,  have  been  injured  or  destroyed. 

3.  The  sanitai-y  condition  of  the  channel,  whei-e  the  river  passes 
Ihrongh  the  larger  communities  is  deplorable,  due  to  the  inability  of 
the  stream  at  low  water  to  properly  carry  otf  and  dilute  the  sewage, 
mannl'actni  ing  refuse,  garbage  and  other  waste  deposited  therein. 

4.  Tlie  Shenango  river  is  little  used  for  water  power  develo])- 
ment.  In  its  original  condition,  before  its  shores  were  traversed  by 
railroads,  and  its  low  watei-  How  dei)leted,  it  was  a good  stream  for 
such  ])nr]K)ses,  but  at  ]iresent  it  is  of  small  value.  On  the  lower  Beaver 
river  tlie  fall  has  lieen  utilized  by  water  power  plants  which  have  de- 
preciated in  value,  condition  and  output,  owing  to  the  low  flow  of  the 
stream  in  summer. 

5.  The  temjieratnre  of  the  water  during  dry  periods,  owing  to 
industrial  use,  become  so  high  as  to  reduce  its  efficiency  for  cooling 
jmi'jtoses,  foi‘  which  the  stream  is  now  largely  utilized,  resulting  in  a 
decreased  How  due  to  augmented  evaporation. 

RESULTS  OBTAINABLE. 

1.  Investigation  determined  that  a ]iortion  of  l*ymatnuing  Swamp 
and  adjacent  area  can  be  c(mverted  into  a storage  reservoir  by  con- 
structing an  earthen  dam,  having  an  average  height  of  27  feet,  across 
the  valley  of  the  Shenango  river  near  Tnrnerville,  ap])roximately  three 
miles  north  of  the  Crawford-Mercer  county  line,  and  that  other  por- 
tions of  the  SAvani])  may  be  advantageously  drained. 

2.  Such  dam,  with  an  a])])i oximate  length  of  2,010  feet,  could  be 
provided  with  a conci’ete  spillway  founded  on  rock,  having  its  crest 
at  elevation  l.flOS  feet  above  sea  level,  the  top  of  the  dam  being  10  feet 
higher.  It  woidd  overflow,  at  sjtillway  level,  24.7  square  miles,  or 
15,800  acres,  and  imjtonnd  8.182,000,000  cul)ic  feet,  or  01,204,000,000 
gallons. 

3.  By  drawing  This  reservoir  down  1.3  feet  in  the  average  year, 
and  0 feet  in  the  dryest  year,  which  would  have  occurred  once  in  the 
])ast  35  years,  the  low  water  flow  of  the  Shenango  river  at  Sharon, 
can  Ise  so  increased  that  its  minimum  discharge  will  be  150  cubic  feet 
l>er  second,  or  200.700,000  gallons  ]!er  day,  while  under  present  con- 
ditions the  extreme  minimum  flow  is  20  second  feet,  or  12,900,000  gal- 
lons. This  increased  low  water  flow  would  be  ample  to  supply  the 
present  demands  of  the  users  of  the  Shenango  and  Beaver  rivers,  and 
would  pi'ovide  for  future  growth. 
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4.  The  proposed  reservoir  would  eliminate  any  considerable  con- 
tribution to  floods  from  the  150  square  miles  of  territory  tributary 
above  the  dam,  which  constitutes  oue-(iuarter  of  the  area  above  Sharon 
and  18.7  per  cent,  of  the  area  at  New  Castle. 

5.  The  proposed  reservoir  would  improve  the  sanitary  and  asthetic 
condition  of  the  Shenango  and  Beaver  rivers,  and  of  the  Pymatun- 
ing  Swamp. 

6.  It  would  add  approximately  2,000  primary  horsepower  to  the 
existing  water  power  development  on  the  Beaver  river  between 
Beaver  Falls  and  the  mouth,  where  tlie  stream  is  partially  utilized, 
but  which,  because  of  the  low  .summer  flow  is  now  of  little  value  in 
.such  periods,  and  it  would  improve  the  few  small  water  powers  of  the 
Shenango  river  in  operation  above  that  ])oint. 

7.  A regulated  flo'^of  450  second  feet  would  confine  the  tempera- 
ture of  the  river  water  to  small  variations  instead  of  permitting  of  a 
rise  in  temperature  to  140  degrees  F.  (which  it  lias  been  frequently 
known  to  reach),  and  would  eliminate  the  large  evaporation  losses 
now  occurring  from  the  overheated  stream. 

8.  The  amount  of  cultivated  land  required  foi-  the  i)roposed  reser- 
voir is  2,413  acres,  of  which  448  acres  is  reclaimed  swamp  used  for 
onion  culture.  Tliere  remains  at  the  u])per  end  of  the  reservoir,  and 
above  the  proposed  water  surface,  1,482  acres  of  swamp  land  easily 
reclaimable  for  similar  cultivation  and  of  equally  suitable  character 
and  accessibility.  The  farm  land  which  would  surround  the  reservoir 
.should  be  increased  in  productivity  by  reason  of  the  rise  in  the  ground 
water  level. 

9.  The  cost  of  the  entire  project,  including  the  acquisition  and 
preparation  of  the  re.servoir  area,  and  buildings  thereon,  relocation  of 
roads,  bridges  and  railroads,  and  construction  of  dam  and  regulating 
appliances,  is  estimated  at  approximately  -11,000,000. 

10.  The  Commission  is  of  tlie  opinion  that  the  construction  of  this 
dam  and  reservoir  would  cause  a benefit  along  the  Slienango  and 
Beaver  valleys,  more  than  commensurate  with  the  antici])ated  cost  of 
the  project,  and  that  the  industrial  development  would  be  increased, 
and  also  that  the  communities  in  the  vicinity  of  the  re.'-:ervoir  would  be 
benefitted  through  improved  highways,  the  creation  of  an  alti'active 
lake,  water  tran.sportation,  and  better  sanitaiw  conditions. 

PURPOSE  OF  INVESTIGATION. 

Fnder  the  instructions  given  liy  this  Act,  the  Commission  has  pro- 
ceeded to  examine  into  “the  feasibility  of  constructing  a dam  or  dams 
across  the  outlet  or  outlets  of  said  swamp,  whereby  the  waters  enter- 
ing the  same  may  be  consei  ved,  to  regulate  the  flow  of  water  in  the 
Bhenango  and  Beaver  rivers.”  It  was  necessary  to  determine  the  need 
for  regulating  the  flow  of  these  rivers,  the  amount  of  regulation  re- 


quired,  the  amount  of  storage  ca]iaoity  which  conid  be  obtained,  the 
yield  of  the  watershed,  the  amount  and  character  of  land  and  the 
nnnd)er  of  hnildings  which  wonld  be  snhmerged  and  the  roads  and 
railroads  to  he  relocated,  the  nature  of  foundation  for  dam  sites  and 
the  probable  cost  of  the  project,  as  well  as  the  effect  of  the  proposed 
reservoir  upon  the  surrounding  country. 

Tt  was  also  necessary  to  examine  into  the  feasibility  of,  and  the 
advantages  to  he  obtained  hv,  draining  the  swamp  land,  keeping  in 
mind  the  ])ro]>osed  use  of  this  area  as  a storage  basin  for  supplying 
the  summit  level  of  the  ]>roposed  Lake  Erie  and  Ohio  River  Ship 
Canal. 


METHODS  EMPLOYED  FOR  INVESTIGATION. 

Following  the  passage  of  the  Act  of  June  14th,  1911,  existing  data 
was  collected  and  studied  and  an  engineering  corj)s  organized.  The 
general  direction  of  the  work  and  the  organization  of  the  field  corps 
was  placed  in  the  hands  of  the  Eimineer  of  the  Commission,  Farley 
Gannett,  and  the  resjtonsibililv  of  collectiiur  data  and  general  charge 
of  the  field  work  Avas  given  to  E.  E.  TTaslam,  Avho  Avas  experienced  in 
this  class  of  Avork.  The  field  force  beean  surveAung  the  reservoir  site 
in  January,  1912,  and  comoleted  the  same  in  August. 

A triangulation  system  AAxas  established  and  check  levels  AA'ere  run 
OA’er  the  territory  to  he  included  in  the  reservoir  survey,  following 
which  a stadia  survey  was  made,  covering  about  thirty  square  miles. 
Tills  survey  was  plotted  on  tA'’elve  sheets,  to  a scale  of  800  feet  to  the 
inch,  with  twm-feot  contour  intervals,  a special  sheet  on  a scale  of  100 
feet  to  the  inch  being  made  of  the  resfion  surrounding  the  dam  site. 
Considerable  areas  of  the  SAvamp  had  never  been  surveyed,  being,  ordi- 
narily practically  impenetrable,  but,  OAving  to  the  intensity  cold 
Avinter  of  1912,  these  areas  were  solidly  frozen  and  were  traversed. 

Rain  gage.s,  installed  on  the  A\mtershed  at  Linesville  and  Turner- 
ville,  were  read  regularly  while  the  force  was  in  the  field  and  have 
since  been  maintained.  Experiments  were  also  made  to  determine  the 
probable  evaporation  from  the  water  surface  of  the  reserAmir  if  built, 
three  experimental  evaporation  tanks  having  been  erected  at  Lines- 
ville and  in  the  swamp. 

Stream  gaging  stations  were  established  at  Linesville,  Pollock’s 
Rridge,  TurnerAille  and  Greenville,  on  the  Shenango  river  below  the 
sAvamp,  at  which  points  the  daily  floAv  was  determined,  while  at  the 
stream  gaging  station,  established  in  1909  at  Sharon  meter  measure- 
ments were  made  during  flood  and  low  water  stages  to  perfect  this 
record. 

Ground  water  conditions  were  studied  by  means  of  the  periodic  ex- 
amination of  forty-six  drilled  and  dug  wells  in  and  around  the  swamp. 
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An  estimate  of  the  value  and  cost  of  rea\oval  of  the  standing  timber 
in  the  area  to  be  submerged  was  made  by  the  Forestry  Commission, 
and  a valuable  report  thereon  was  received  from  that  department. 

In  arriving  at  the  proper  volume  of  regulated  minimum  flow  in 
the  Shenaiigo  river  at  Sharon,  as  large  an  amount  was  provided  for  as 
was  possible  without  causing  excessive  fluctuations  in  the  reservoir,  or 
flooding  a large  percentage  of  cultivated  laud.  Tlie  available  precipi- 
tation and  run-off  would  permit  of  river  regulation  at  Sharon  on  the 
basis  of  a minimum  flow  of  500  cubic  feet  per  second,  but  a minimum 
of  400  second  feet  is  sufficient  for  present  demands,  and,  if  the  pro- 
ject is  built  in  the  near  future,  that  amount  would  proltably  be  all  that 
it  would  be  necessary  to  maintain  at  Sharon,  and  the  reservoir  fluctua- 
tion would  be  reduced.  On  account  of  the  fact  that  at  Sharon,  the 
point  for  which  the  regulation  was  designed,  the  drainage  area  is 
four  times  that  at  the  dam  site,  the  resulting  regulation  will  not  be 
complete,  but  only  occasionally  will  water  be  wasted  over  the  dam. 
The  reservoir  will  fill  every  spring  and  reach,  as  a rule,  its  greatest 
depletion  in  the  late  fall  or  early  winter.  To  elevate  the  dam  and 
flood  a larger  area  would  make  the  project  unnecessary  expensive, 
but  if  the  demands  on  the  stream  increase  so  that  more  water  is 
necessary,  it  maj^  then  be  profitably  obtained  in  that  way. 

The  level  of  the  spillwaj’,  and  hence  the  level  of  the  water  surface 
with  the  re.servoir  full,  was  based  upon  the  available  run-off,  the  area 
to  be  flooded  and  the  requisite  storage  capacity.  The  capacity  of  the 
reservoir  at  various  levels  was  plotted  and  the  elevation  selected 
which  would  give,  with  moderate  fluctuation,  the  greatest  capacity, 
the  best  regulation  and  flood  the  smallest  amount  of  valuable  laud. 
This  spillway  elevation  was  determined  to  be  1,008  above  sea  level, 
and  the  top  of  the  dam  was  placed  ten  feet  higher. 

A study  was  made  to  determine  the  effect  of  the  reservoir  in  retard- 
ing floods,  by  which  it  was  found  that,  on  account  of  its  great  area, 
the  reservoir  could  retain  the  greatest  floods,  even  when  it  was  full, 
and  practically  eliminate  the  floods  flows  from  this  portion  of  the 
water.shed. 

Samples  of  the  soil,  at  various  points  in  and  around  the  swamp, 
were  analyzed  by,  and  valuable  information  obtained  from,  the  Penn- 
sylvania State  College  authorities,  to  determine  the  agricultural 
values  of  the  various  portions  of  the  area  to  be  flooded  and  of  the 
lands  which  would  border  on  the  proposed  re.servoir. 

Borings  were  made  across  the  site  selected  as  tlie  most  feasible 
of  the  several  dam  sites  considered,  samples  being  taken  every  five  feet, 
and  preserved  for  study  and  record.  On  the  west  side  tliese  borings 
reached  rock,  and  on  the  east  side  and  in  tlie  bottom  land  the  borinss 

o ■ 

went  to  a depth  of  fifty  to  sixty  feet  without  finding  rock. 
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Property  Hues  within  and  bordering-  the  area  to  be  Hooded  were 
ioeated,  and  the  natni  e of  the  ground,  -whetlier  swamp,  timber,  pasture 
or  eu!ti\ated  land  noted.  The  assessed  valuation  of  the  ])roperty  and 
hnildings  iinolved  was  deterndned  from  the  assessors'  hooks  and  a 
ratio  of  assessed  valnaticm  to  market  value  obtained. 

To  determine  the  average,  maximum  and  minimum  precipitations, 
and  to  estimate  from  these  tlie  rnn-off  from  the  area  above  the  dam 
sit<“,  previous  to  the  installation  of  the  stream  How  gages,  rainfall  rec- 
ords of  all  a<ljacenl  points  in  Pennsylvania  and  Ohio  were  tabulated 
from  1.S7N  to  date. 

From  tin*  river  discharge  record  at  Sharon,  the  ratio  of  lain-olf 
lo  raiid'all  lor  each  month  Avas  established  for  P.Mli),  1(1,  11  and  12,  and 
the  vaiiation  of  rnn-olf  to  rainfall  in  each  month,  Itased  on  actual  How 
delermiiu'd.  The  riin-otf  by  months  from  1878  to  date,  indicate  two 
pcn  iods  of  deticiemy,  one  from  18!K>  to  18118  and  the  other  from  IIKIH  to 
11)12;  which,  when  studied  in  detail  showed  the  greatest  deficiency  in 
llu‘  latter  period,  and  all  subsequent  computations  were  based  upon 
this. 

From  the  results  of  eva]»oration  experiments,  from  dune  to  Octo- 
h(u-,  11112.  inclusive,  the  annual  loss  from  the  water  surface  of  the 
])roposed  reservoir  was  estimated.  As  shown  by  the  Greenville 
i-ecords,  this  was  an  average  year  of  climatological  conditions  and  the 
evaporation  determined  Avas  assumed  to  he  the  meaii  animal  for  this 
district,  amounting  to  3(1.1)  inches  jier  year  from  the  ]»roposed  reser- 
\()ir  surfai'e.  Tin*  run-otf  records  indicate  a mean  loss  of  21  inches 
from  the  gi-onnd  surface,  leaving  ten  inches  excess  evaiioration  from 
the  water  surface. 

The  variations  in  the  level  of  the  reservoir  surface  that  Avould  have 
occnired  at  the  end  of  each  month  from  IDOd  to  date  were  calculated, 
using  as  a basis  a draft  sufficient  to  maintain  a minimum  How  at 
Sharon  of  -130  cubic  feet  ])er  second.  Information  as  to  the  Hnctua- 
lion  of  (’onneant,  Ghautam|na  and  other  lakes  nearby,  or  similarly 
located,  was  obtained  and  the  variatioii  of  the  ]H‘oposed  Pyma tuning 
leservoir  in  the  average  year  was  found  to  he  no  greater  than  the 
extreme  Hnctnation  of  some  other  large  lakes  notable  as  summer  and 
health  resorts. 

Several  miles  of  liiglrAvaA'S  and  a ]»ortion  of  the  Pennsylvania  Rail- 
]‘oad  between  Linesville  and  Fspyville,  would  he  submerged  by  such  a 
reservoir  as  juoposed  and  it  would  become  necessary  to  relocate  or  ele- 
vate them.  In  determining  upon  the  proper  roads  to  be  provided 
across  and  around  the  reservoir,  the  State  Higlirvay  Department 
was  consulted. 

A comprehensive  stud}'  rvas  made  of  the  lorver  Shenaugo  and 
I’eaver  r ivers,  elevatiorrs  of  rrorrnal,  lorv  and  high  water  being  deter- 
mined at  rrrrrrrerorrs  poirrts,  irr  order  that  an  accurate  profile  of  the 
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river  from  the  proposed  dam  site  to  the  Ohio  river  could  lie  plotted. 
Flood  damage  was  recorded  wliere  it  could  he  ol)tained,  the  con- 
sumption of  water  hy  water  companies,  municipal  water  w(»rks,  in- 
dustrial jdants,  railroads,  etc.,  Avas  ascertained  and  the  eqni])ment 
and  condition  of  water  poAver  installations  Avere  noted. 

WATER  STORAGE. 

Water  storage  for  river  regulation  has  not  been  ajtplied  in  Penn- 
sylvania, hut  it  has  been  ])racticed  for  years  in  otlier  states  and 
abroad.  In  Maine,  rivers  are  regulated  for  tlie  l)enelit  of  Avater  poAA'er 
and  lumbering,  large  storage  being  olitained  at  l elatively  Ioaa’  cost  by 
raising  existing  lakes.  In  XeAA’  Yoi-k  extensive  reservoirs  haA'e  been, 
and  are  being,  built  to  regulate  streams  for  feeding  the  Erie  Barge 
Canal,  Avhile  some  smaller  storage  aa’os  created  several  years  ago  in 
the  Adirondack  region  for  Avater  poAver  improvement.  That  state  has 
AA’ithin  recent  years  made  surveys  to  determine  the  feasibility  of  extern 
sive  storage  for  ri^’er  regulation  in  the  interest  of  state  development  of 
Avater  power  and  navigation.  The  Tbiited  States  Government  has  af- 
fected storage  on  the  headAvaters  of  the  Mississip])i  by  raising  lakes 
and  flooding  swamps  for  the  l)enefit  of  navigation.  Colorado  and 
other  Avestern  states  have  built  reservoirs  for  stream  regulation  and 
tor  irrigation  purposes  and  the  Federal  Iteclamation  SeiTice  has  built 
and  is  erecting  large  storage  Avith  a similar  object. 

In  Ohio,  funds  have  been  raised  at  YoungstoAvn  for  the  regulation 
of  the  flow  of  the  Mahoning  riAer.  in  order  to  maintain  a sufficient 
water  supply  for  that  community  for  domestic  and  industrial  use. 
The  proposed  reservoir  Avill  have  a capacity  of  1,270  million  cubic  feet, 
utilizing  the  Avater  from  a catchment  area  of  283  square  miles. 

Abroad  certain  German  states  have  built  storage  reservoirs  for 
flood  control  and  drouaht  relief,  while  the  Belgian  and  French  Gov- 
ernments have  done  similar  work. 

In  Pennsylvania,  re.servoirs  have  been  constructed  by  coiqiora- 
tious  for  domestic  and  industrial  AA'ater  supply,  but  the  project  con- 
sidered in  this  rejiort  is  the  first  proposed  for  river  regulation  Avith 
the  exception  of  reservoirs  built  for  supytlying  the  old  Pennsylvania 
Canal,  that  built  by  the  City  of  Harrisburg  in  1910  to  regulate  the 
flow  of  Paxton  creek  and  those  proposed  by  the  Flood  Commission 
of  Pittsburgh,  for  flood  control  above  Pittsburgh. 

As  the  demand  for  Avater  increases  with  ])opulation  and  industry, 
and  as  the  stream  floAV,  due  to  natural  causes,  continues  to  reach 
lower  proportions,  the  necessity  for  the  regulation  of  the  floAv  of 
streams  by  artificial  means  increases.  In  the  Rheiiango  Yalley,  the 
status  of  industrial  development  is  such  that  Avithout  largely  auii- 
meuted  water  supply,  further  increase  in  ])opulation  and  industry 
must  be  slow,  and  in  the  near  future  must  cease.  The  State  has 
wisely  aided  in  the  solution  of  this  problem  by  providing  the  funds 
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for  a carefnl  investigation  of  the  feasibility  of  constructing  the 
l*yniatnning  reservoir,  and  as  a I'esnlf  of  this  study,  the  Commission 
is  assuied  of  the  desirability  of  its  construction,  and  tbe  feasibility 
the](‘of,  the  resulting  benefits  accruing  to  the  State  at  large,  as  well 
as  to  the  various  communities  along  the  stream. 


COST  OF  STORAGE. 


The  estimated  cost  of  the  Pyinatuning  project  is  $1,000,000  for 
wliich  ex]»enditni'e  8,182  million  cnbic  feet  of  water  will  be  held  in  a 
reservoir,  of  which  volume  it  is  ])ro])Osed  that  5,000  million  cubic 
f(‘(*t,  or  00  pel'  cent,  will  be  available  for  use,  tlie  balance  to  remain  in 
the  leservoir  to  kee]>  the  swainji  inundated.  It  is  only  occasionally 
that  a lesei'voir  of  any  considerable  extent  is  designed  to  be  com- 
jiletely  emptied  and  the  unused  cajiacity  may  be  considered  as  a fac- 
tor of  safety  as  well  as  a sanitary  measure. 

The  cost  per  cnbic  foot  of  storage  varies  inversely  with  the  jiro- 
]iortions  of  the  jiroject,  large  reservoirs  usually  costing  less  per  mil- 
lion cubic  feet  than  small  ones.  The  purpose  to  wliich  the  reservoir 
is  to  lie  devoted,  also  affects  the  design,  and  the  cost;  reservoirs  for 
d.oniestic  water  supply  requiring  costly  prejiaration  of  the  entire  sub- 
merged area,  exjiensive  controlling  apparatus,  etc.  The  least  expen- 
sive storage  is  effected  liy  raising  existing  lakes,  or  by  submerging 
flat  land  of  little  value;  and  some  of  the  Pnited  States  Iteclamation 
Service  reservoirs  have  been  cheapened  because  the  value  of  the  land, 
being  a jiart  of  the  ]inblic  domain  is  not  considered. 

The  exjiense  of  storage  varies  widely,  as  is  illustrated  liy  a com- 
jiarison  of  the  estimated  unit  cost  of  the  Pyinatuning  jiroject  with 
other  reservoirs  which  have  been  built  or  jiroposed.  The  storage  in 
this  reservoir  is  estimated  to  cost  .fPtl.Ot)  jier  million  cubic  feet,  or 
825.1)0  ])er  million  gallons,  over  40  jier  cent,  of  tlie  outlay  being  repre- 
sented by  value  of  land  and  buildings  required.  The  following  tables 
show  the  location,  capacity  and  cost  of  some  other  reservoirs  for 
domestic  water  snpjily,  or  for  river  regulation,  fairly  comparable  in 
size  to  the  jiroposed  Pyinatuning  reservoir. 


TABLE  NO.  1. 

Cost  of  Reservoirs  For  Domestic  Water  Supply. 


a 

o 


B 


p 

Q 


Name. 


a 


o 


Remarks. 


Wauchusett,  Mass. S400  ; $269  60  Masonry  dam  and  earth  dykes. 

New  Croton.  N.  Y. , , 4300  I 970  30  Concrete  dam. 

Ashokan,  N.  Y.,  ! 17000  735  00  Estimated— Concrete  dam. 
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TABLE  NO.  2. 

Cost  of  Reservoirs  For  River  Regulation. 


o 

-- 

.2 

— 

g 

a 

Name. 

per 

ft. 

Remarks. 

ZJ 

CS  ^ 

I§ 

o 

o 

Yoangstown,  Ohio,  

1270 

?790  00 

Estimated. 

Pittsburg  Flood  Commission,  I'a.,  .. 

Average  of  17  reser- 

360  00 

Estimated. 

voirs,  total  capacity 

60  billion  cu.  ft. 

Delta,  N.  Y 

2675 

336  50 

Hunent  Valley,  California 

6100 

229  16 

•Reservoirs  for  regulating  Upper 

15  00 

By  raising  existing  lakes 

Mississippi  River. 

and  swamps. 

*Ruena  A ista,  California,  

7150 

20  20 

♦Indian  River,  N.  Y.,  

4475 

IS  70 

♦"S'alue  of  land  flooded  not  included. 


These  figures  are  sufficient  to  show  that  the  proposed  reservoir 
is  neither  an  expensive  nor  a j)articularly  cheap  one,  but  that  its  cost 
is  reasonable  for  the  locality  in  which  it  is  to  be  sitnated,  when  the 
proximity  of  the  great  industrial  centers  which  it  will  benefit  is  con- 
sidered. The  most  inexpensive  projects  are  nsnally  located  far  dis- 
tant from  inhabited  localities. 

CONSTRUCTION  AND  OPERATION. 

The  Commission  is  of  the  opinion  that  if  the  Pyniatuning  reservoir 
is  bnilt,  those  interests  which  are  directly  benefitted  should  bear  their 
proportions  of  the  expense.  Tliere  are  numerous  prosperous  cities 
and  boroughs,  three  counties  with  large  resources,  many  extensive 
industrial  corporations,  public  service  companies  and  water  power 
users,  all  of  which,  it  is  believed,  should  share  in  the  cost  of  building 
and  maintaining  this  projected  reservoir,  while  the  State  should  have 
supervision  over  its  construction,  and  operation. 

COST  AND  GENERAL  FEATURES. 

The  following  tables  give  a brief  snmmary  of  the  estimated  first 
cost  of  this  project,  and  the  cost  of  operation  and  salient  facts  con- 
cerning the  reservoir.  The  structural  features  would  cost  about  54 
per  cent,  of  the  entire  outlay,  and  the  acquisition  and  preparation  of 
the  reservoir  area,  about  40  per  cent.  The  operating  expense  is  ap- 
proximately $400,000  per  year  for  thirty  years,  after  which  the  sink- 
ing fund  and  interest  payments  would  cease,  and  the  annual  charge 
would  be  approximately  $13,500. 
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TABLE  NO.  3. 

Preliminary  Estimate  of  Pymatuniiig  Reservoir. 
Estimate  of  Cost. 


item. 

•♦escriptiou. 

Amount. 

Totals. 

A 

$336,422. 
166, 730 
352,066 

H 

V 

$839,202 

1) 

Ui'sei'voir  site : 

59,500 

657,700 

717, 200 

$1,556,402 

ANNUAL  FIXED  CHARGES  FOR  OPERATION  AND  MAINTENANCE. 


Total  cost  of  dam,  reservoir,  land  and  buildings,  clearing  of 
woods  and  shore  treatment,  rebuilding  and  relocating  roads, 
railroads  and  bridges $1,556  400 

Annual  interest  on  this  at  4 per  cent.,  62,256 

Annual  payment  to  thirty  year  sinking  fund,  earning  4 per  cent.,  26,680- 

Taxes,  or  equivalent  payment  in  lieu  of  taxable  property  vacated 

in  townships,  1 per  cent,  on  .$254,000 2,540 

Repairs  and  depreciation  on  perishable  parts  of  dam  and  regula- 
tion works,  5 per  cent,  on  $100,000 5,000 

Operation — one  superintendent,  3 assistants,  including  petty  sup- 
plies and  incidentals 6,000 


Yearly  fixed  charges,  $102,476 


At  end  of  30  years,  $13,540 


TABLE  NO.  4. 

General  Information  Concerning  the  Proposed  Dam  and  Reservoir. 


description.  i Amounts. 


Elevation  of  top  of  dam  above  sea  level,  ‘ 1018  feet 

Elevation  of  flow  line  al)o\e  sea  level,  1008  feet 

Elevation  of  vater  surface  at  maximum  draft,  999  feet 

Maximum  beiglit  of  dam  as  per  preliminary  design 1 46  feet 

Average  height  of  dam  as  per  preliminary  design ' 27  feet 

Maximum  depth  of  water  at  dam 36  feet 

Lengtli  of  concrete  spillway,  250  feet 

Length  of  earthen  dam  on  crest 2910  feet 

Area  of  reservoir  at  flow  line,  24.7  sq.  miles 

Approximate  len.gth  of  full  reservoir,  16  miles 

Average  width  of  full  reservoir i 1.54  miles 

Maximum  width  of  full  reservoir,  2.56  miles 

I.ength  of  shore  line  at  elevation  1008,  1 50  miles 

Area  of  swamj)  and  overflowed  land  required,  8,943  acres 

Area  of  dry  and  tillable  land  required,  ’ 8,435  acres 

Number  of  houses  submerged  or  affected 53 

Number  of  barns  submerged  or  affected 56 

Improved  and  relocated  highways,  : 11  miles 

Track  elevation,  E.  & P.  Railroad j 1.70  miles 

Total  capacity  of  reservoir  at  1008  flow  line,  ' 8,182,300,000  cu.  ft., 

or  61,204,000,000  gal. 

Maximum  storage  required  to  maintain  450  sec.  ft.  flow  at  Sharon,  | 5.060,000,000  cu.  ft., 

or  37,848,800,000  gal. 

Estimated  cost  per  million  cub'c  feet  rrservo'r  capac-'ty | $191  00 

Estimated  cost  per  million  gallons  reservoir  capacity,  ' $25  60 

i:.-;timated  cost  per  million  cubic  feet  utilized  storage,  | $309  00 

Estimated  cost  per  million  gallons  utilized  storage | $41  40 
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FORCE  EMPLOYED. 

The  Commission  expresses  appreeiation  of  the  iudustiy  ami  ability 
displayed  by  the  force  employed  on  this  work.  The  organization  by 
which  the  surveys,  maps,  plans  and  computathms  were  made  was  as 
follows: 


Engineer — Water  Supply  Commission,  Farley  Gannett. 


Field  Engineer,  F.  F.  Haslam. 

As.sistant  Engineer,  11.  J.  Ferris. 

Instrnmentman  and  Draftsman  B.  A.  Knight. 

Gliice  Engineer  K.  C.  Batley. 

Becorder  J.  P.  Hannnm. 

Statistician  T.  C.  McCnne. 


KGDMFN 


" D.  11.  Mackey, 
Byron  Mackey, 

F.  A.  llathaway, 
Ernest  Thompson, 
B.  McLinton, 

^ Frank  Turner. 


f C.  F.  Jewell, 
GAGE  BEADFBS  J S.  A.  Marvin. 

Gilbert  Pollock, 


EXPENDITURES. 

An  account  of  the  expenditures  made  of  the  appropriation  avail- 
able by  the  Act  of  June,  14th,  1911,  P.  L.  2S8,  under  whicli  this  work 
was  performed,  is  found  below: 


Amount  appropriated,  

Salaries  of  Field  Engineer  and  Assistants 

Travelling  expenses.  Water  Supply  Commission,.. 

Travelling  expenses,  Field  Force,  

Rent  of  Field  Office 

Material  and  supplies,  

Postage,  

Express,  

Telegrams,  

Borings,  

Photographs,  

Blue  prints 


$10,000  00 

$7,593  71 
118  86 
1,507  43 
60  00 
168  61 
7 44 
18  57 
7 30 
250  00 
86  30 
11  31 


Total , 


9,829  53 


Balance  from  appropriation. 


$170  47 


24 


Detailed  int'onaatiou  u]*on  which  the  foregoing  report  is  based  is 
iven  in  tlie  pages  following. 

llespectfnlly  submitted, 

JOHN  BIRKTNEINE,  Cliairman, 

FKKDEBIC  W.  FLEITZ, 

TH(F\rAS  .T.  LYNCH, 

SAMUEL  G.  DTXGN,  Commissioner  of  Health, 
]{<)r>Ei;T  S.  CdNKLIN,  Commissioner  of  Forestry. 
MLVTEL  SUFFLY  COMMISSION  OF  FENNSYL VANIA. 


Detailed  Report 


Data  Collected,  Engineering  Studies  and  Results 
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DETAILED  REPOKT. 

INTRODUCTORY. 

In  carrying  out  the  provisions  of  the  Act  of  the  Legislature  of 
1911,  the  investigations,  surveys,  plans,  maps,  calculations,  estimates, 
stream  gagiugs  and  test  borings  were  made,  so  far  as  time  and  funds 
permitted,  with  the  same  accuracy  that  would  be  required  if  construc- 
tion on  the  project  had  been  ordered.  Such  work  is  necessarily  ex- 
pensive, hut  without  it  the  quantity  of  water  available  for  regula- 
tion and  the  cost  of  the  reservoir  project,  within  reasonable  limits, 
could  not  have  been  correctly  estimated.  The  fundamental  basis 
of  the  engineering  research  and  determination  of  the  feasibility  of 
the  project,  summarized  in  the  foregoing  report,  will  be  found  in 
the  following  detailed  description. 
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DESCRIPTION  OP  SHENANGO  RIVER. 

The  reservoir  project  herein  reported  on  Avonld  affect  a consid- 
erable regulation  in  both  the  Shenango  and  Beaver  rivers,  and  it  is 
pertinent  to  describe  the  location  and  principal  features  of  these 
two  streams,  their  valleys  and  also  the  reservoir  area. 

The  Shenango  river,  which  flows  into  the  Ohio  river  by  way  of 
the  Beaver  river,  25  miles  beloAV  Pittsburgh,  is  one  of  the  largest 
and  most  important  streams  of  that  part  of  the  State,  its  lower 
valley  being  industrially  active  and  supporting  a dense  popula- 
tion. 

It  rises  in  the  southwestern  part  of  Crawford  County,  thirty-five 
miles  soutlieast  of  Erie,  and  about  five  miles  southwest  of  Conneant 
Lake,  its  ultimate  source  being  the  Phymatnning  Swamp,  which 
lies  in  the  form  of  a crescent,  about  seventeen  miles  long,  with  a 
maximum  width  of  about  two  miles,  covering  some  sixteen  square 
miles.  The  Shenango  drains  the  western,  and  Crooked  creek  tbe 
eastern,  section  of  the  swamp,  the  tAvo  streams  flowing  southerly, 
to  meet  at  Greenville,  Mercer  County,  the  latter  stream  having 
previously  joined  with  the  Little  Shenango  river. 

In  CraAvford  County  the  Shenango  river  flows  through  a fairly 
broad  valley,  after  leaving  the  swamp,  with  Avell  cultivated,  rolling 
hills  on  either  side;  it  is  essentially  an  agricultural  region,  there 
being  a few  small  industries  in  the  tAvo  boroughs  of  Linesville  and 
Hartstown,  whose  populations,  in  1910,  were  833  and  135,  respect- 
ively. Entering  Mercer  County  the  river  continues  southerly,  the 
character  of  the  valley  and  surrounding  territory  remaining  much 
as  in  CraAvford  County,  Aintil  Greenville,  population  5,909,  is 
reached,  where  the  first  evidence  of  extensive  industry,  consider- 
able population  and  water  utilization  appear. 

At  Greenville  the  stream  is  used  by  a grist  mill  for  water  poAver 
and,  by  manufacturing  plants  for  industrial  water  supply,  while 
tlie  Little  Shenango  is  employed  for  the  domestic  SAipply  of  the  bor- 
ough. Below  and  above  Greenville  the  stream  is  followed  by  tlie 
Erie  and  Pennsylvania  Eailroads,  but  a short  distance  below  Green- 
ville the  river  enters  the  “Big  Bend,”  where,  in  a SAving  to  the 
east  and  then  Avest,  the  river  floAvs  some  seventeen  miles  to  Sharps- 
Aulle,  the  railroad  cutting  across  the  bend  in  6.5  miles.  In  this 
section  of  broad  and  cultivated  valley  is  probal)ly  the  only  unde- 
veloped and  practicable  waterpower  site  of  importance. 

SharpsAulle,  population  3,634,  is  an  actBrn  steel  center,  the  plants 
including  seven  blast  furnaces,  and  the  temperature  of  the  water,  in 
low  and  medium  stages,  is  appreciably  raised  by  use  for  cooling  and 
its  appearance  and  quality  show  plainly  the  effect  of  increasing  den- 
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.sity  of  population  and  industry.  At  this  point  a large  tributary, 
Pyniatuuing  creek,  emers  troiii  <Hiio.  From  Sharpsville  to  Bharoii, 
t..j  miles  the  river  has  a narrow  valley  and  steep  banks,  its  southern 
course  beiug  continued  and  l)oth  ItaidvS  being  followed  by  railroads. 

Bharon,  jiojiulatio]!  10,270,  and  Farrell,  formerly  Bouth  Bharon, 
1‘opulation  10,100,  form  a great  industrial  center  of  this  valley,  in 
wliich  steel  and  iron  woiks  of  vaiaous  kinds  line  the  1»anks  for 
miles,  withdrawing  many  million,  gallons  of  water  from  the  river 
daily  and  discharging  back  the  heated  water  and  manufacturing 
wastes.  The  two  Itoroughs  obtain  a water  su]»ply  from  the  stream 
and  their  sewage,  gar))age  and  other  cit}'  Avastes  are  deposited 
therein.  Much  of  the  liver,  through  these  boroughs,  is  Availed  in 
on  both  sides,  bridges  cross  the  stream  and  bars  and  Avaste  deposits 
obstruct  the  channel.  At  Farrell  Big  Yankee  run,  a large  tributaiw, 
enters  from  Ohio  and  at  this  point  llie  Avater  of  the  stream,  in  sum- 
mer, reaches  a liigh  temperature,  oAviiig  to  repeated  use,  and  it  is 
discidoied  by  industrial  and  city  Avastes. 

Oontinuiug  soutliAvard  the  stream  is  folloAved  by  railroads,  close  to 
its  shores,  tlirough  Wlieatlaml  and  West  Middlesex,  poprdation  955 
and  1.157,  resjiectively,  Avhere  steel  and  iron  Avorks  again  use  its 
waters.  The  Irnnks  are  loAv  and  tlie  valley  Avide,  Avith  much  pasture 
and  agricultural  land,  freijumitly  inundated  by  floods,  until  New 
t'astle,  jmpulation  3G,2S0,  is  reached,  Avhere  the  third  great  indus- 
trial center  is  located. 

At  NeAv  Castle  the  largest  consumption  of  Avater  occurs,  and  at 
loAv  seasons  the  entire  stream  floAV  is  re-used  several  times,  Avith 
corresponding  effect  upon  its  temiierature  and  quality.  Here  the 
stream  is  joined  by  its  largest  tributary,  Neshannock  creek,  from 
the  east.  Four  miles  to  the  south  of  New  Castle  the  Bhenango  joins 
I lie  iMalioning  river  from  Ohio,  the  shores  to  this  jioint  being  largely 
occui>ied  by  railroails  and  industrial  AAmrks.  At  Mahoningtown, 
just  above  the  mouth  of  the  Mahoning  river,  is  a dam  and  water 
jiOAver  development  utilized  by  a grist  and  flour  mill. 

DESCRIPTION  OF  BEAVER  RIVER. 

Tlie  Bhenango  river,  reinforced  by  the  Mahoning  river,  just  below 
NeAv  Castle,  forms  the  Beaver  river,  the  stream  floAving  southward 
and  receiving  one  of  its  largest  tributaries,  Connoquenessing  creek, 
from  tbe  east,  to  Beaver  Falls,  where,  in  the  five  and  one-half  miles 
to  its  confluence  with  the  Ohio  river,  the  stream  bed  drops  fifty-flve 
feet  and  has  been  utilized  at  three  dams,  for  water  power.  Both 
sides  of  the  Beaver  river  are  thickly  ])opulated  and  the  banks  lined 
AVith  varied  industries  in  tbe  boroughs  of  BeaA’er  Falls,  New  Brigh- 
ton, Fallstou,  Beaver,  West  BridgeAAmter,  Eochester  and  others, 
AA’hose  combined  population  is  34,472. 


Shenango  River  at  Sharon. 


:!avor  Rivor  at  I’.oavor  Falls, 
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The  total  length  of  the  Sheiiaiigo  and  Beaver  rivers,  from  tlie 
source  of  the  former  to  the  moutli  of  the  latter,  is  api>roximately 
110.5  miles. 

The  following  table  illustrates  the  relative  size  of  the  tributaries 
of  the  Beaver  and  Shenango  rivers. 

TABLE  NO.  5. 

Drainage  Areas  of  Shenango  and  Beaver  Rivers. 


Stream. 


Tributary  to 


Drainage  Area  at 


Beaver  river,  

Mahoning  river,  

Connoquenessing  creek,  

Neshannock  creek 

Shenango  river  (exclusive  of 
Neshannock  creek. ) 

Shenango  river 

Shenango  river,  (including 
Dittle  Shenango). 

Little  Shenango  river 

Shenango  river,  

Shenango  river,  


Ohio  river,  

Beaver  river,  . 
Beaver  river.  . 
Shenango  river, 
Beaver  river,  . . 

Beaver  river,  . 
Beaver  river,  . 

Shenango  liver, 
Beaver  river,  . 
Beaver  river,  . 


Bochester 30-10 

Mahoningtown iryio 

Ellwood  Junction 826 

New  Castle,  ; 243 

New  Castle,  ' 804 

Sharon 60'i 

Greenville 297 

Greenville,  lOS 

Proposed  dam  site,  ' I'O 

Foot  of  Pymatuning  Swamp,  . 110 


The  followiug  table  indicates  tlie  slope  of  the  Sheuaugo  and  Beaver 
rivers  from  source  to  mouth. 

TABLE  NO.  6. 

Slope  of  Shenango  and  Beaver  Rivers. 


Source 

Edge  Swamp 

Blair  road,  

P.  R.  R.  Crossing, 
Manning  Bridge.  .. 

Westford  Bridge,  .. 
Jamestown,  

Greenville,  

Sharpsville,  

Sharon 

New  Castle,  

Mahoningtown 

Ellwood  Junction,  . 


1050 

Edge  Swamp 

1020 

0.3 

30.0 

100.0 

1020 

Blair  Road 

1006 

2.7 

14.0 

5.2 

1006 

P.  R.  R.  Crossing  in  Swamp 

994.5 

3.3 

11.5 

3.6 

994.5 

Mann  ng  Bridge,  

985.5 

5.5 

9.0 

1.6 

9S5.5 

Westford  Bridge 

(End  Swamp) 

978.5 

5.5 

7.0 

1.3 

978.5 

Jamestown,  

973 

6.7 

5.5 

0.8 

973 

Greenville,  

(Top  Dam) 

942 

6.5 

31.0 

4.8 

942 

Sharpsville,  

(Canal  lock) 

866 

*^4.8 

76.0 

3.1 

866 

Sharon,  

(Chestnut  Street) 

843 

4.4 

23.0 

5.2 

843 

New  Castle 

'Washington  street) 

789 

24.4 

54.0 

2 2 

789 

Mahoningtown,  

(Pool,  Rainv  dam) 

773 

2.6 

16.0 

6.2 

773 

Beaver  Falls,  

(Pool  line.  Hartman  dam) 

734 

t8.3 

39.0 

2.1 

734 

Ohio  River 

668 

5.6 

66.0 

11.8 
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DESCRIPTION  OP  PYMATUNING  SWAMP. 

Pyniatnniiig  Swaiii])  is  an  extensive,  preglacial  lake,  or  river  bed, 
1ill(Ml  to  a great  depth  at  some  points  with  glacial  drift,  lying  at  the 
sonrce  of  the  SItenango  river  and  Ci'ooked  creek,  in  the  southwestern 
jiait  of  Crawford  (^(»nnty.  Previous  to  the  glacial  epoch,  this  valley 
pioltal)ly  drained  nortlnvaid  into  tlie  Great  Lakes,  hut  the  recession 
of  the  glacier  left  its  nortliern  outlet  blocked  and  the  drainage  turned 
sontliward;  tlie  western  and  largest  ]iortion  by  way  of  the  Shenango 
river  and  tlie  eastern  through  Crooked  creek. 

The  area  known  as  Pymatnning  tswamj),  coiujirising  about  10,400 
aci-es,  consists  of  tinee  distinct  classes  of  land: 

1.  The  morass,  a sometimes  in])enetrable,  muck  covered,  thickly 
limbeivd  swam]i,  in  the  central  ]iart  of  the  district  adjoining  the 
river  and  its  main  tributaries; 

2.  Territory  submerged  during  considerable  portions  of  the  year, 
and  ti'aversable  at  other  times,  but  which  is  waste  land,  largely  cov- 
ered with  brush  and  timber; 

3.  Land  jieriodically  flooded,  and  in  some  degree  under  culti- 
vation, but  geneially  devoted  to  jiastnrage  or  covered  with  timber. 

Pordei'ing  these  lands,  which  usually  lie  from  10  to  20  feet  above 
the  river  level,  are  bi'oad,  slo])ing  lields,  suited  to  and  largely  under 
cultivation.  Tn  the  vicinity  of  Linesville,  on  the  north  side  of  the 
swam]!,  418  acres  of  morass  have  been  reclaimed  by  drainage  ditches, 
and  the  rich,  black  muck  has  been  successfully  devoted  to  onion 
culture. 

Tlie  sonrce  of  the  river  is  at  elevation  1,050  feet  above  sea  level, 
the  stream  falling  30  feet  in  one-quarter  of  a mile  to  the  swamp 
through  which  it  winds  westward  in  a narrow  channel,  imjiassible 
by  boats  owing  to  fallen  timbers,  brush,  and  shallow  depth,  through 
a tamarack  and  liardwood  forest,  for  nine  miles,  being  joined  in  this 
distance  by  Linesville  creek,  Bennett  run  and  Paden  creek.  It 
thence  swings  southward,  traversing  the  swamp  for  eight  miles, 
emerging  from  the  morass  one-half  mile  below  the  Westford  Bridge, 
at  an  elevation  of  078  feet  above  the  sea,  and  having  an  average  slope 
thronghont  the  swainj)  of  2.4  feet  per  mile.  From  the  upper  end 
of  the  swamp  to  the  Pennsylvania  Kailroad  crossing,  the  average 
slope  is  4.3  feet  per  mile  for  5.0  miles  and  from  there  to  Manning 
Bridge  1.65  feet  per  mile.  From  this  point  to  the  dam  site,  9.5 
miles,  the  slo]ie  is  1.2  feet  per  mile.  At  Manning  Bridge  the  total 
area  draining  into  the  swamp  is  110  square  miles,  and  the  ivide, 
flat  valley  continues  southward  about  4.2  miles,  receiving  additional 
tributary  drainage,  to  the  jirojiosed  dam  site.  The  lower  portion 
of  tlie  valley  is  a gravel  and  clay  filled  plain  from  one-half  mile 
to  2 miles  wide,  the  river  winding  from  side  to  side,  and  skirted  by 


Swamp  in  Reservoir  Site  near  Linesville. 


Reclainiable  Swamp  Land  at  Upper  End  of  Reservoir. 
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marshy,  well  timbered  lands,  subject  to  overflow.  The  morass,  how- 
ever, is  not  in  evidence,  as  the  creek  has  cut  deeply  into  the  soil. 
The  western  portion  of  the  swamp  extends  into  Ohio. 

The  surrounding  highlands  are  gravel  and  clay  hills,  underlain 
with  sandstone,  the  surface  well  cultivated,  sparselj"  timbered,  but 
not  highly  pi’oductive,  classified  as  the  Volusia  soils,  which  cover  in 
general  the  western  part  of  the  State.  Several  islands  rise  from  the 
swamp,  some  being  occupied  and  cultivated. 

Linesville  borough  is  on  the  northern  border  of  the  swamp. on  the 
sloping  hillside,  and  Hartstown  borough  to  the  south  is  near  the 
eastern  end  thereof.  The  small  village  of  Espyville  lies  directly 
across  the  swamp  and  to  the  south  of  Linesville.  About  opposite 
the  lower  end  of  the  swamp,  and  2.5  miles  west  thereof,  in  Ohio,  is 
the  town  of  Andover,  pojtulation  902. 

Three  railroad  lines  supported  in  fills,  and  several  wagon  roads 
cross  the  swamp,  most  of  the  latter  being  impassable  for  portions  of 
each  year,  due  to  the  rise  of  the  water  in  the  swamp,  for  few  are 
elevated  materially  al)ove  its  level. 

POPULATION  IN  THE  SHENANGO  AND  BEAVER  RIVER  VALLEYS. 

The  valleys  of  the  Shenaugo  and  Beaver  rivers,  with  the  exception 
of  the  upper  portion  of  the  Shenango  in  Crawford  County,  in  and 
surrounding  the  reservoir  site,  are  among  the  most  active  indus- 
trially and  consequently  among  the  most  densely  populated  of  the 
State.  To  show  the  industrial  activity  of  this  region,  and  the 
consequent  rapid  inciease  in  population  therein,  a comparison  has 
been  made  of  the  increase  in  population  in  this  section  with  that  of 
the  entile  state,  while  to  indicate  the  development  of  that  portion 
of  Crawford  County  surrounding  the  reservoir  site,  similar  data  is 
given. 

The  counties  in  Western  I’ennsylvania  which  will  be  influenced  by 
the  proposed  reservoir,  and  regulated  ri\ers,  are  Crawford,  Mercer, 
Lawrence  and  Beaver,  and  the  following  statistics  are  submitted. 
During  the  decade  from  1890  to  1900,  the  increase  in  population  in 
the  State  of  Pennsylvania  was  19.9  per  cent,  and  during  the  decade 
from  1900  to  1910  there  was  an  increase  of  21.6  per  cent.  By  referr- 
ing to  Table  Ao.  7 it  will  be  noted  that  during  the  last  decade, 
Crawford  County  decreased  in  total  population  3.3  per  cent.,  while 
its  rural  population  decreased  9.7  per  cent.;  Mercer  County  in- 
creased 35.4  per  cent.,  a gain  over  the  average  of  the  State  of  13.8 
per  cent.;  Lawrence  County  increased  22.8  per  cent.,  a similar  gain 
of  1.2  per  cent.,  while  Beaver  County  increased  38.8  per  cent.,  or  17.2 
per  cent.,  above  the  mean  increase  in  the  State. 

There  has  been  a decline  in  the  rural  population  of  Crawford 
County  for  the  past  20  years,  a slight  loss  in  Mercer  County  during 
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the  past  ten  years,  an  increase  of  ahont  10  per  cent,  in  Lawrence 
Comity,  while  the  rural  population  in  Beaver  comity  has  remained 
ahont  constant. 

The  nrhan  population  in  jMereer,  Lawrence  and  Beaver  counties 
has  increased  rapidly  due  to  the  develojnaent  of  the  Shenango  and 
B(‘a\er  valleys,  ]»rincipally  thiongh  its  iron  and  steel  industries. 
The  most  notable  growths  are  in  New'  Castle,  which  increased  from  a 
total  pojmlation  f>f  11,000,  in  1S!M),  to  30,280,  in  1910;  Sharon,  from 
7,159  t4)  15,270  in  the  same  ]»eriod,  and  South  Sharon,  which  was 
incorp'oi ated  in  1901,  and  is  now  known  as  Farrell,  'with  a popula- 
tion of  about  5,000  had  increased  to  10,190  in  the  year  1910.  The 
total  ])opiilation  in  the  Shenango  and  Beaver  valleys,  in  the  town- 
shi]»s,  boioughs  and  cities  boidering  on  the  Shenango  and  Beaver 
rivers,  with  the  exce]»tion  of  the  townships  in  Ohio,  as  shown  by  the 
Cnited  States  t'ensus  of  1910,  was  151,775,  of  which  150,121  were 
located  in  IMercer,  Lawrence  and  Beaver  counties.  The  urban  popu- 
lation in  Ibis  district,  110,130,  increased  about  37  per  cent,  in  the 
last  decade;  while  that  of  the  rural  district,  39,088,  increased  2.0 
per  cent.  The  increase  in  combined  urban  and  rural  jiopulation 
from  the  Crawford  Mercer  county  line  to  the  Ohio  river  has  been 
25.8  ]>er  cent. 

In  Crawford  Comity,  in  the  townshi]is  adjacent  to  the  jiroposed 
reservoir,  there  were  1.051  peo]>le  in  1910,  of  which  908  lived  in  the 
boroughs  (d'  llartstown  and  Linesville  and  the  remaining  3,083  scat- 
tered throughout  the  country  districts.  During  the  ]>ast  decade 
llartstown  decreased  27.1  per  cent,  and  Linesville  increased  26.0 
jter  cent.;  while  the  rural  poimlatioii  declined  10.2  per  cent.,  re- 
siilting  in  a reduced  ].'0]uilation  of  about  11.3  iter  cent,  for  the  com- 
biiKHl  lownshi]is  and  boroughs. 

The  inrormation  i'roni  which  this  smnmary  is  made  is  given  in  de- 
tail in  the  following  tables,  taken  from  the  United  States  Census  for 
1890,  1900  and  1910. 


TABLE  NO.  7. 


Population  of  Counties  Along  Shenango  and  Beaver  Rivers. 


Increase  population  in  State  of  Pennsylvania  1890  to  1900  = +19.9%. 
Increase  population  in  State  of  I^ennsylvania  1900  to  1910  = +21-0%. 
*Kural  population  in  Crawford  county  decreased  9.7  per  cent  1900  to  1910. 


TABLE  NO.  8. 


Summary  of  Population  of  INIinor  Civil  Oivisious  in  Shenaiigo  and  Braver 

River  Valleys. 


Counties. 

Population  of  Cities.  Towns,  Borough  and  Towusliiiis  border- 
ing on  the  Shenaugo  and  Beaver  rivers. 

i 

Percentage. 

— = Decrease. 

~\-  = Increase. 

Population. 

Distribution. 

191C' 

1900. 

1890. 

1900 

to 

1910. 

1890 

to 

1 1900. 

Crawford 

Boroughs  and  towns 

86.8 

847 

712 

• 

+14.3 

+ 19,0 

lownships,  

3.(183 

4,394 

4,796 

—16.2 

— 8.4 

Total 

4. 0-)J 

5,241 

5,508 

—11.3 

— 4.8 

Mercer, 

Cities  and  boroughs,  

110,43(1 

80,718 

50,462 

H 36  8 

Lawrence  and 
Beaver,  

Townships,  

39,6Sb 

38,665 

34,543 

+ 2.6 

+ 12.0 

Total,  

150,1?.4 

119,383 

85,005 

+25.8 

+ 40.3 

Mercer 

Cities  and  boroughs,  

38, 1.-3 

24,339 

15,826 

-f59.0 

+ 53.6 

lownships,  

13,101 

13,479 

12,797 

— 2.8 

+ 5.3 

Total 

51,254 

37,818 

28,623 

+35.5 

+ 32.1 

Lawrence, ^ 

Cities  and  boroughs,  

37,811 

29,155 

12,366 

+29.7 

+135.8 

1 

1 

Townships,  

18,011 

17,577 

15,101 

+ 7.6 

+ 16.4 

Total 

56,722 

46,732 

27,467 

+21.4 

+ 70.1 

F.eaver,  j 

Cities  and  lioroughs,  

34,472 

27  224 

22,270 

+26.6 

+ 22.2 

1 

Townships 

7,676 

7,609 

6,645 

+ 0.9 

+ 14.5 

42,14?'  34,833  ( 28,915,  +21.0  I +20.4 


Total, 


TABLE  NO.  9. 


Population  of  Boroughs  and  Cities  Bordering  on  the  Shenango  and  Beaver 

Rivers. 


Counties. 

Population. 

Percentage. 

— = Decrease. 

+ = Increase. 

City  or  Borough. 

1910. 

1960. 

1890. 

1900 

to 

1910. 

1890 

to 

1900. 

135 

186 

160 

— 27.4 

+ 16.2 

Linesville 

S33 

661 

552 

+ 26.0 

4-  19.8 

Total 

. S6S 

847 

712 

+ 14.3 

+ 19.0 

822 

834 

822 

— 1.4 

+ 1.4 

(Treenville,  

5,909 

4,814 

3,674 

+ 22.8 

+ 31.0 

216 

220 

— 1.8 

Sharpsville,  

3,«3t 

2,970 

2,330 

+ 22.4 

+ 27.4 

Siiaron 

15,270 

8,916 

7,439 

+ 71.3 

+ 19.5 

T.Ln-iv.ll  

10  190 

*5,  OOO 

-j-103.7 

Wheatlaiul,  

'955 

655 



675 

-i-  45.9 

+ 14.0 

West  Mi(l(llese.x.  

1,157 

930 

966 

+ 24.4 

— 3.7 

Total 

38,153 

24,339 

16,826 

+ 59.0 

+ 53.6 

36,280 

28,339 

11,600 

+ 28.0 

+144.3 

551 

Wampum 

980 

816 

766 

+ 20.1 

+ 6.5 

Total,  

37,811 

29,155 

12,366 

+ 29.7 

+135.8 

322 

256 

+ 25.8 

College  Hill,  

1,787 

890 

+100.7 



Beaver  Falls 

12,191 

10, 054 

9,735 

+ 21.2 

+ 3.2 

367 

079 

4-  34.9 

New  Brighton,  

8,329 

6,820 

5,616 

-i-  22.2 

+ 21.4 

P’aUstou 

555 

549 

541 

+ 1-1 

+ 1-4 

P.rklgewater,  

1.562 

1,347 

1,177 

+ 16.0 

+ 14.4 

Boehester,  

5,903 

4.688 

3,649 

+ 25.9 

+ 28.4 

Beaver,  

3.456 

2,348 

1,552 

+ 47.1 

+ 51.2 

Total 

34,472 

27,224 

22,270 

+ 26. P 

+ 22.2 

♦Estimated. 


(29) 
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TABLE  NO.  10. 


Population  of  Townships  Bordering  on  the  Shenango  and  Beaver  Rivers. 


Counties. 

Population. 

Township. 

1 

1910. 

I 

1 

1900. 

! 

1890. 

1 

i 380 

758 

845 

N.  Shenango,  

i 637 

711 

804 

! 389 

336 

351 

Conneaut 

' 1,230 

1,477 

1,559 

So.  Shenango 

820 

835 

909 

West  Shenango,  

227 

277 

328 

Total 

3,683 

4,394 

4,796 

519 

689 

762 

Hempfield,  

1,083 

858 

951 

West  Salem,  

1,996 

1,838 

2,043 

Pymatuning,  

1 846 

1,828 

*1,800 

Delaware,  

: 195 

1,323 

1,480 

Jefferson,  

819 

923 

982 

Hickory,  

4,553 

4,865 

3.639 

Shenango 

1,090 

1,155 

1,140 

Total 

13,101 

13,479 

12,797 

Lawrence, 

Pulaski 

1,606 

1,607 

1,609 

Mahoning 

3,239 

2,617 

2,079  ! 

Neshannock,  

1.213 

1,080 

1,171 

Union,  

2,626 

2,055 

1,445 

Taylor,  

1,228 

571 

1,374  1 

Shenango,  

2,425 

2,806 

2,004  ; 

North  Beaver,  

2,377 

2,245 

2,035  , 

Big  Beaver,  

1,287 

1,488 

1,047  i 

Wayne,  

2,910 

3,108 

1,737  : 

Total 

18,911 

17,577 

15,101 

Beaver 

1 442 

1 3.80 

North  Sewickley,  

1,820 

i,m 

1,154 

Chippewa 

494 

527 

571 : 

Patterson,  

434 

433 

529  ; 

Daugherty,  

699 

533 

1 

Pulaski 

S(H5 

728 

1,196 

Brighton,  

755 

687 

773 

Rochester 

1,227 

1,661 

925 

Total 

7,676 

7,609 

6,64.'^ 

Percentage. 


= 

Decrease. 

-1-  = 

Increase. 

1900 

1890 

to 

1 to 

1910. 

1 1900. 

16.2  I 


8.4 


— 2.8  i 


+ 6.3 


7.6  : 


+ 16.4 


1 


H-  0.9  ; 


+ 14.5 


•Estimated. 


ASSESSED  PROPERTY  VALUATION. 

In  reasonably  inexpensive  and  eflScient  water  storage  projects  it 
will  be  found  that  the  reservoir  is  usually  located  in  a section  of  low 
land  values,  sparse  population  and  few  industries,  while  the  district 
receiving  the  most  benefit  through  the  regulation  effected  is  of  an  o])- 
posite  character.  Thus  the  smaller  the  population  and  the  lower 
the  value  of  land  in  and  about  the  reservoir  site,  the  less  the  pro- 
ject costs  per  unit  of  volume;  and  the  more  den.se  the  population 
and  higher  the  value  of  land  and  industries  along  the  regulated 
stream  below  the  reservoir,  the  greater  the  resulting  benefit. 

The  Pymatuning  project  exhibits  these  factors  in  a striking  de- 
gree, as  shown  by  the  following  tables,  which  give  the  assessed 
valuation  of  the  towmships  in  and  surrounding  the  swamp,  and  the 
boroughs  adjacent  thereto,  togetlier  with  the  assessed  valuation 
of  townships,  boroughs  and  cities  along  the  Shenango  and  Beaver 
rivers  below  the  dam  site. 
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The  total  assessed  value  of  the  boroughs  aud  townships  in  the 
leservoir  districd  is  8^,071,84-1,  wliile  that  of  those  below  in  the  dis- 
trict 1o  he  l)euehtted  as  -f (18, 007,527,  or  o\'er  10  times  as  great. 
The  value  of  incorporated  jdaces  adjacent  to  the  swamp  is  $194,740, 
aud  that  of  the  b<jroughs  and  cities  on  the  Shenaugo  aud  Beaver 
rivers  is  $50,503,334,  or  over  250  times  as  much. 

TABLE  11. 

Assessed  Valuation  of  Cities,  Boroughs  and  Townships  Bordering  the  Shenango 
and  Beaver  Rivers  in  Ohio  and  Pennsylvania. 

RESERVOIR  DISTRICT. 


State. 

County. 

Name  of  City,  Borough  or 
Township. 

Valuation  of  city 

01-  borough. 

1 

Valuation  of  town- 

ship. 

Total, 

Ashtabula,  

Ashtabula,  

Ashtabula 

$514,308 

623,438 

840,475 

$1,978,221 

$1,978,221 

109,780 

I'ennsylvania,  . 
I’onns.vlvania,  . 
I'oiinsylvaina.  . 
Ib-nnsylva  iiia, 
Pi'iiiisylvauia,  . 
I'fiHisylvania,  . 
Ponnsylvania.  . 

Crawford 

$194,740 

559,885 

331,305 

370,560 

118,880 

408,470 

Crawford,  

Crawford 

$194,740 

$1,898,880 

$2,093,620 

tJrand  total,  ... 

$194,740 

$3,877,101 

$4,071,841 



Shenango  and  Beaver  River  District. 


Ptmusylvania,  . 
Pennsylvania,  . 
Pennsylvania,  . 
Pennsylvania,  . 
Pennsylvania,  . 
Penn.sylvania,  . 
Pennsylvania.  . 
Pennsylvania,  . 
Pennsylvania,  . 
Pennsylvania,  . 
Pennsylvania,  . 
Pennsylvania,  . 
Pennsylvania,  . 
Pennsylvania,  . 
Pennsylvania,  . 
Pennsylvania,  . 

Total  

$381,451 

$228,900 

501,436 

2,278,450 

833,777 

994.894 

38,451 

688, 889 
479,977 
1,596,461 

1,742,415 

6,682,929 

5,939,495 

405,895 

664,403 

West  Middlesex 

562,450 

$17,473,090 

$6,547,183 

$24,020,273 

$790,082 

902^696 

544  490 

$16,872,858 

638,459 

438,241 

902,696 

684,639 

1,406; 889 

530,671 

561 ’ 050 

Tr»f-ci1 

$17,775,554 

$6,496,917 

$24,272,471 

39 


Shenango  and  Beaver  River  District — Continued. 


1 

-t- 

> 

o 

c'S 

'4-i 

o 

County. 

Name  of  Citv,  Borough  or 

s o 

s 

Township. 

"Z  ■? 
a ■“ 

1 d 

a z> 

” 75 

> 

Pennsylvania, 

Pennsylvania, 

Pennsylvania, 

Pennsylvania, 

Pennsylvania, 

Pennsylvania, 

Pennsylvania, 

Pennsylvania. 

Pennsylvania, 

Pennsylvania, 

Pennsylvania, 

Pennsylvania, 

Pennsylvania, 

Pennsylvania, 

Pennsylvania. 


Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 

Beaver, 


Big  Beaver,  

X.  Sewickley,  

Chippewa,  

Patterson,  

Patterson  Heights. 

Daugherty,  

Pulaski 

Brighton,  

Rochester 

Beaver  Falls,  

New  Brighton,  

Fallston,  

West  Bridgewater, 

Rochester,  

Beaver,  


$579,fi34  ' 

537.744 

330, 140 

201,265 

$218,303  ..  I 

389,019 

229,669 

604,133 

588,489 

4,933,670  ’ ' 

3,535,060  

343,707  

440,00-5  

2,909,780  I 

2,814,165  


Total, 


$15,254,690  ' $3,460,093  ' $18,714,783 


Grand  total  of  Mercer,  Lawrence  and  Reaver  counties. 


$50,503,331  $17,514,193  ; $68,007,527 


CONSUMPTION  OF  WATER  FROM  SHENANGO  RIVER. 

A census  of  the  (loinestic  and  industrial  use  of  tvafer  from  tlie 
Shenango  river,  fi'oni  Greenville  to  its  junction  witli  tlie  Mahoning 
and  of  the  Beaver  river,  taken  foi-  this  report,  in  the  fall  of  1!112, 
indicated  a draft  upon  this  stream  of  extraordinary  projiortions,  due 
to  activity  along  industrial  lines.  It  was  found  that  the  total 
yolume  of  water'  drawn  from  this  river,  from  its  source  to  the  month, 
is  230,000,000  gallons  per  day,  or  at  the  rate  of  2,000  gallons  per 
capita  daily  for  the  population  of  the  boroughs  and  cities  Ijorder- 
ing  the  stream,  equivalent  to  two-thirds  of  the  quantity  of  water 
claimed  to  be  used  by  the  City  of  Philadelphia,  which,  has  a popula- 
tion of  one  million  and  one-half,  and  approximately  three  times 
the  present  consumption  of  the  Greater  Pittsburgh  municipal  works. 
The  total  consumption  is  at  the  rate  of  three  hundred  and  fifty-six 
cubic  feet  per  second,  or  eighteen  times  the  minimum  stream  flow 
recorded  at  Sharon  and  about  thirteen  times  the  minimum  flow  re- 
corded at  New  Castle,  Tlie  greater  portion  of  this  water,  after  being 
used,  is  returned  to  the  stream  to  be  repeatedly  pumped  tlierefrom, 
used,  and  returned.  During  the  low  water  periods  of  1908-9  and  10 
the  large  industries  were  running  below  their  full  capacities,  re- 
quiring only  a 'fraction  of  their  full  demands,  but  under  these  con- 
ditions the  flow  provert  entirely  insufficient  and  shiit-dowus  of 
greater  or  less  duration  were  necessary.  At  the  time  the  above  men- 
tioned census  was  taken,  the  plants  were  generally  running  to  their 
full  capacities  and  the  figures  represent  probably  the  present  full 
demand. 


40 


Table  No.  12  shows  the  use  of  water  from  the  Shenango  by  muni- 
eijsal  water  sup])ly  companies. 

TABLE  12. 


Domestic  Use  of  Water  From  the  Shenango  River. 


Place. 

Gallons  per  24 
hours. 

Sliarpsville 

300,000 

1.700.000 

3.600.000 

Sharon 

New  Castle 

Total 

5,600,000 

Greeut  ille,  which  lies  at  the  mouth  of  the  Little  Shenango,  obtains 
its  sui)])ly  from  that  stream. 

The  ])resent  daily  consumption  of  water  for  domestic  use  in 
Sharpsville,  Sharon,  Farrell  and  New  Castle,  based  on  the  data 
shown  in  the  above  Table  12,  is  about  eighty-five  gallons  per  capita 
and  if  the  entire  urban  population  from  Jamestown  to  New  Castle  in 
191b  had  secured  its  domestic  sujtjdy  from  the  Shenango  river,  the 
consumption  for  tliat  jairpose,  on  tlie  basis  of  eighty-five  gallons  per 
capita,  wonld  have  been  ajtjtroximately  0,500,000  gallons  daily. 
The  ])robable  consumption  in  the  year  1920,  assuming  the  same  rate 
of  increase  in  ])Opulatiou  as  occurred  between  1900  and  1910,  would 
be  8,200,000  gallons  daily  for  a probable  population  of  about  96,000, 
The  water  conijianies  which  supply  these  towns  furnish  a consider- 
able volume,  in  addition  to  that  re(piired  for  domestic  use,  to  the 
smaller  industries,  thus,  at  Sharon  and  Farrell  140,000  gallons,  and 
at  New  Castle  671,000  gallons  per  day  are  supplied  for  industrial 
purposes. 

The  domestic  suj)pl3^  of  water  reaches  insignificance  when  com- 
pared  wifh  fhat  pumped  directly  from  the  river  for  industrial  use,  by 
the  manufacturing  companies  themselves,  as  appears  by  the  follow- 
ing table: 


TABLE  13. 

Industrial  Use  of  Water  From  the  Shenango  River. 


Place. 


Gallons  per  24 
hours. 


Linesville  to  Greenville,  inclusive 

Sharpsville 

Sharon 

Farrell 

Wheatland  to  Middlesex 

New  Castle,  West  Pittsburg  and  Crescentdale, 


3,260,000 

16.351.000 

27.890.000 

75.845.000 
4,000,000 

90.532.000 


Total, 


217,868,000 


41 


In  addition  to  the  above,  record  has  been  obtained  of  a consump- 
tion of  1,150,000  gallons  for  industrial  use,  pumped  from  drilled 
wells  and  a small  portion  of  the  industrial  consumption  is  obtained 
from  dug  wells,  adjacent  to  the  stream.  Some  of  the  industries  at 
New  Castle  obtain  their  water  from  Neshannock  creek  in  addition 
to  that  above  noted.  The  probable  demand  for  water  from  the 
Shenango  river  for  industrial  use,  in  the  year  1920  is  estimated  to  be 
approximately  280^000,000  gallons,  or  about  435  cubic  feet  per 
second.  It  is,  therefore,  reasonable  to  expect  that  there  will  be  re- 
quired for  industrial  and  domestic  use,  along  the  Shenango  river, 
ten  years  hence,  a daily  demand  of  about  290,000,000  gallons,  or 
about  450  cubic  feet  per  second. 

With  the  minimum  flow  in  the  Shenango  river  at  Sharon  so  regu- 
lated that  at  no  time  would  it  decrease  below  450  cubic  feet  per 
second,  the  consumption  from  this  stream  would  be  amply  provided 
for.  Under  present  conditions  the  industries  at  Sharpsville,  Sharon, 
Farrell  and  New  Castle  withdraw  practically  the  entire  flow  of  the 
stream  for  considerable  periods,  egich  summer,  and  turn  it  back 
high  in  the  temperature  and  manufacturing  wastes,  for  the  use  of 
the  next  consumer.  With  the  larger  flow  available,  and  only  a frac- 
tion of  it  abstracted  at  any  one  point,  the  temperature  of  the  water 
will  remain  lower  and  the  quality  higher  than  under  present  condi- 
tions, and  its  efficiency  and  usefulness  for  industrial  purposes, 
and  its  purity  and  facility  of  filtration  for  domestic  use  will  be 
increased. 

CONSUMPTION  OP  WATER  FROM  BEAVER  RIVER. 

The  minimum  flow  of  the  Beaver  river  is  approximately  200  cubic 
feet  per  second,  and,  owing  to  the  absence  of  large  industrial  con- 
sumers, the  demand  on  the  stream  is  smaller  than  that  in  the  She- 
_nango  valley.  Hydraulic  power  is  used  when  available  for  pumping 
purposes  by  water  companies,  hence  the  power  feature  is  an  im- 
portant one  in  the  water  supply  problem.  The  total  consumption 
for  industrial  and  domestic  purposes,  in  the  Beaver  Falls  district, 
is  approximately  6,000,000  gallons  per  day,  of  which  approximately 
4,000,000  gallons  is  pumped  from  tlie  stream  by  the  water  companies. 
In  this  district  about  200,000  gallons  of  water  is  pumped  daily  by 
industrial  plants  from  drilled  wells,  and  375,000  gallons  per  day  is 
purchased  by  industrial  plants  from  the  water  companies. 

FLOOD  CONDITIONS. 

The  greatest  benefit  to  be  derived  by  the  State  and  by  the  She- 
nango and  Beaver  valleys,  from  the  construction  of  this  reservoir, 
will  be  in  the  increased  domestic  and  industrial  supply,  rather  than 
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tlirough  tlood  coutiol,  for  the  two  purposes  require  ditl'erent  applica- 
liou  ot  the  impoimded  water.  A full  reservoir  is  best  for  domestic 
supply;  an  empty  reservoir  may  he  required  to  hold  back  a flood, 
but  the  purposes  may  be  coiubiued  so  that  the  supply  for  domestic 
aud  industrial  use  may  be  secured  and  at  the  same  time  the  floods 
materialty  reduced.  A reservoir  for  increasing  the  low  flow  may 
require  a greater  holding  capacity  than  one,  on  the  same  stream, 
designed  for  flood  prevention. 

A study  of  the  influence  of  the  proposed  reservoir  upon  flood  con- 
ditions in  the  ^shenango  river  at  and  below  iSharon,  made  from  stream 
measuieinents  collected  during  the  j-ear  11)12,  demonstrated  that  the 
reservoir  would  reduce  a flood  of  10,000  cu.  ft.  per  second  at  Sharon, 
corresponding  to  an  eleven  foot  gage  height,  in  an  amount-  varying 
fioni  .S  foot  to  l.d  feet,  depending  on  the  condition  of  the  ground 
water  in  I’yiuatuning  Swamp  and  the  contributary  area.  A thir- 
teen foot  gage  height  at  Sharon,  which  represents  a flood  of  14,000 
cu.  ft.  per  second,  would  be  reduced  from  1.07  feet  to  1.72  feet,  and 
the  maximum  flood  which  occurred  at  Sharon  on  May  18,  1893,  dis- 
charging 18,100  cubic  feet  per  second  would  have  been  reduced  about 
2 feet. 

The  flood  of  1893  was  nearly  equaled  in  1910  and  greater  freshets 
may  be  expected.  These  reductions  in  tlood  heights  would  reduce 
the  damage  in  the  cities,  and  to  the  railroads,  industries,  farm  lands, 
bridges  and  roads  in  the  Shenango  Valley. 


SANITARY  CONDITIONS. 

Where  the  Shenango  and  Beaver  rivers  pass  through  the  larger 
centers  of  population  they  receive  the  unpurifled  sewage  and  trades 
waste  thereof,  the  direct  discharge  from  scores  ot  private  sewers,  gar- 
bage, olfall  of  various  kinds,  and  city  wastes,  so  that  when  the  stream 
flow  decreases,  the  dilution  of  this  debris  becomes  less  until  a con- 
dition of  gross  pollution  is  often  reached.  This  condition  becomes 
so  aggravated  in  seasons  of  drought  at  Sharon  and  New  Castle  hav- 
ing a large  foreign  poimlation  who  have  not  yet  entirely  accustomed 
themselves  to  American  standards  of  sanitation,  as  to  become  offen- 
sive. In  the  i)ools  above  dams  and  in  other  slack  portions  of  the 
stream  these  conditions  are  particularly  noticeable.  During  dry 
periods  considerable  portions  of  the  exposed  river  bottom  become 
littered  with  decomposing  animal  and  vegetable  matter,  either  left 
by  the  receding  water  or  thr-own  in  from  the  shores. 

At  Greenville,  in  summer  aud  early  fall,  little  or  no  water  is  pass- 
ing over  the  dam,  all  of  it  either  leaking  through  or  passing  into  the 
stream  by  way  of  the  mill  aud  tailrace,  exposing  the  stream  bed  be- 
low the  dam  for  a considerable  distance.  Analyses  of  the  river 
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water  at  Sharon,  West  Pittsburgh,  New  Castle,  Eastvale  and  New 
Brighton,  invariably  indicate  Bacilli  Coli  usually  in  large  numbers, 
showing  gross  pollution. 

With  the  proposed  reservoir  in  operation  this  would  be  changed; 
the  normal  channel  would  be  lilled  at  all  seasons,  sewage  would  be 
better  diluted,  the  current  reasonably  rapid  and  debris  and  wastes 
dumped  or  thrown  in  the  stream  bed  would  be  quickly  carried  away. 
At  Sharon,  the  low  water  level  would  be  increased  1.9  feet,  and  at 
other  points  a corresponding  improvement  would  be  effected. 

Sanitarians  estimate  that  six  cubic  feet  per  second  will  dilute  the 
unpurifled  sewage  of  1,000  inhabitants  to  such  an  extent  as  to 
prevent  nuisance.  With  25,000  people  at  Sharon  and  Farrell,  if  all 
were  connected  with  the  sewers,  there  would  have  to  be  at  least 
150  cubic  feet  per  second  flowing  to  jn-operly  dilute  the  sewage, 
whereas  the  minimum  flow  falls  to  20  second  feet,  continuing  below 
100  second  feet  for  weeks  at  a time  and  with  the  regulated  minimum 
of  450  second  feet  the  discharge  of  tlie  sewage  from  three  times  the 
present  population  would  be  well  diluted.  Similar  improvement 
would  result  at  New  Castle,  and  along  the  lower  Beaver  river  where 
the  flow  is  now  insufficient  for  proper  dilution. 

Most  of  the  large  boroughs  and  cities  along  this  stream  have  been 
ordered  by  the  State  Health  Department  to  prepare  plans  for  sewage 
purification  plants,  and  it  is  not  considered  that  this  reservoir  would 
relieve  them  of  this  necessity.  Sharon,  Sharpsville,  New  Castle 
and  the  towns  along  the  lower  Beaver  River  all  use  the  river  for 
their  water  supply.  The  companies  supplying  these  towns  filter 
the  water  and  on  account  of  its  condition  tlie  operation  of  their 
plants  is  expensive.  With  the  increased  flow  due  to  reservoir  regula- 
tion, the  concentration  of  impurities  and  germs  in  the  water  would 
be  less,  the  operations  of  filtration  plants  would  be  reduced  in  cost 
and  their  efficiency  increased. 

WATER  POWER. 

The  increase  in  the  dry  weather  flow  of  the  Shenango  and  Beaver 
rivers,  would  benefit  the  existing  water  powers  thereon. 

The  populous  and  flourishing  communities  in  the  Shenango  and 
Beaver  Valleys  below  Greenville  offer  an  attractive  market  for  nearby 
power  which  might  be  obtained  from  these  two  streams,  but  the  nat- 
ural dry  weather  flow  is  so  small  and  continues  over  such  extended 
periods  that  little  power  has  been  developed.  Dense  population, 
numerous  railroads  and  many  industries  whicli  line  the  banks,  pre- 
clude extensive  development  of  this  stream,  which  might  be  war- 
ranted if  its  flow  was  regulated  by  artificial  means,  but  the  present 
w’ater  power  installations  can  be  increased  and  some  new  power 
created  if  regulation  is  effected. 
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DEVELOPED  WATER  POWERS  OF  SHENANGO  RIVER. 

At  Jamestown,  Mercer  County,  tliree  miles  below  the  proposed 
dam  site,  a small  grist  mill  devel(,)ps  Avater  poAver  under  a head  of  5.5 
feet,  for  grinding  flour  and  grain,  the  dam  being  5.0  feet  high. 

At  Greenville,  a flour  and  feed  mill  is  operated  by  water  power 
from  the  Shenango  river  and  Little  Shenango  combined,  the  dam 
being  9.5  feet  high,  and  the  total  head  10-|  feet.  Tavo  turbines  are  in- 
stalled having  a total  capacity  of  145  horsepower,  under  full  load, 
and  a gasoline  auxiliary  is  in  xise  much  of  the  time  during  the 
summei'  months. 

At  NeAv  Hamlnirg,  about  10  miles  beloAV  Greenville,  and  above 
AA'liat  is  knoAvn  as  the  “Big  Bend  of  the  Slienango,”  there  is  a flour 
and  feed  mill,  Avhicli  Avas  rebuilt  in  1911,  and  obtains  Avater  from  a 
dam  2.5  feet  high  to  drive  a turbine,  operating  under  a head  of  6.0 
feet,  and  develojuug  50  horsepower.  This  mill  has  no  auxiliary  plant 
and  is  snbject  to  a reduction  in  output  during  dry  AAmather  and  from 
backwater  caused  by  floods. 

At  Clarksville,  10  miles  above  Sharon  is  a flour  and  feed  mill 
oi)erating  under  31  feet  head,  Avith  a dam  4 feet  high  and  having  a 
rated  installed  ca])acity  of  20  horsejmwer,  obtained  from  2 turbines. 
The  mill  is  subject  to  backAvater  from  tlie  heavy  dischai’ge  of  Pyma- 
tuning  creek,  and  during  extreme  floods  the  water  has  been  about  2 
feet  above  the  mill  flour. 

At  Pulaski,  about  12  miles  beloAv  Sharon,  in  Lawrence  County, 
there  is  a flouring  mill  o})erating  under  6.5  feet  head  and  equipped 
with  5 turbines  of  a total  rated  capacity  of  100  horsepower.  This 
plant  operates  without  reinforcement,  but  during  extended  dry 
periods  has  a reduced  output,  and  during  the  recent  floods  was  dam- 
aged. 

At  IMahoningtown  immediately  above  the  junction  of  the  Shenango 
and  Mahoning  rivers,  and  four  miles  south  of  New  Castle,  a curved 
dam  420  feet  long  and  4 feet  high  formerly  furnished  power  for  a 
flour  mill,  equipped  with  four  turbines  of  total  rated  capacity  of  160 
horsepower,  under  about  5 feet  head. 

The  above  includes  all  the  present  developments  operated  on  the 
Shenango  below  the  j)roposed  reservoii’,  and  indicates  that  of  a total 
fall  in  the  stream  from  Jamestown  to  the  Mahoning  river,  of  105 
feet,  only  37.0  feet  or  35%  is  developed  for  water  power  purposes. 
The  aggregate  installed  capacity  of  these  plants  is  500  horsepower, 
and  their  combined  minimum  output  does  not  exceed  75  twenty-four 
hour  power.  All  of  these  mills  are  used  for  grinding  grain,  or  other 
produce  of  the  farm,  and  none  of  them  take  advantage  of  the  adja- 
cent market  for  electrical  power  and  light. 
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UiNTDEVELOPED  WATER  POWER  OF  THE  SHENANGO  RIVER. 

The  wide  meadow  and  swamp  lands  bordering  the  Shenango  river 
flanked  by  comparatively  high  blnlfs,  would  have  offered  before  in- 
dustry and  population  rendered  it  impracticable,  opportunities  for  a 
fairly  full  utilization  of  the  water  power  of  this  stream.  One  stretch 
of  the  Shenango  river  offers  opportunity  for  the  development  of  new 
power,  i.  e.,  from  Kidd’s  Mill,  below  Greenville,  to  Sidel’s  dam,  nine 
miles  downstream.  Along  this  stretch  the  stream  sweeps  in  a curve 
to  the  east  and  thence  back  to  the  west,  bordered  by  bluffs  on  one 
side  and  wide  lowlands  on  the  other.  There  are  no  towns  or  villages 
of  importance  and  the  railroads  instead  of  following  the  long  course 
of  the  river,  leave  the  stream  and  take  a shorter  route  between  Green- 
ville and  Sharpsville.  The  head  available  is  approximately  32  feet, 
and  the  pondage  created  by  a dam  would  increase  the  low  water  out- 
put. The  market  would  be  Greenville,  Sharpsville,  and  if  necessary 
Sharon,  utilizing  the  total  head  and  with  the  flow  regulated  at  450 
second  feet,  as  proposed  by  the  Pymatuuing  reservoir  1,300  pri- 
mary, 24  hour  power  could  be  developed. 

At  the  proposed  Turnerville  dam  there  is  a possibility  for  operat- 
ing an  intermittent  water  power  under  a head  varying  from  23  to  31 
feet.  Th.is  power  would  necessarily  be  a variable  one,  its  output  de- 
pending upon  the  quantity  of  water  needed  to  maintain  the  regulated 
minimum  flow  at  Sharon.  Its  maximum  outi)ut  would  occur  at  the 
time  of  the  minimum  in  the  stream  farther  down  and  might  be  used 
as  an  auxiliary  operated  with  developments  on  the  Shenango  below. 

Most  of  the  grist  mills  on  the  stream  could  be  improved  by  raising 
the  dams  to  obtain  more  pondage  and  higher  head,  while  in  several 
cases  head  and  tail  races  could  be  improved.  By  the  construction  of 
the  Pymatuning  reservoir,  the  available  jtowei's  during  low  seasons 
would  be  increased  and  several  of  these  mills  might  profitably  be  con- 
verted into,  or  combined  with  installations  for  the  development  of 
electricity.  As  shown  by  the  following  table,  the  mills  which  utilize 
the  greatest  head  would  be  most  benefitted. 

TABLE  14. 

Power  Equivalent  of  Regulated  Minimum  Flow. 


Head. 

Minimum  Discharge. 

Horsepower. 

2 feet 

IK 

4 feet,  

1 

6 feet,  

8 feet 

to  feet 

12  feet,  

450 

Estimating  the  annual  benefit  to  the  owner  of  a water  power  by 
reason  of  the  regulation  of  the  stream  flow,  as  api)roximately  flO.flO 
for  each  added  primary  horsepower  and  assuming  a benefit  in  trans- 
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forming  intermittent  to  primary  power  of  |5.00  per  horsepower, 
there  would  result  an  annual  benetit  to  these  properties  with  their 
existing  installations  amouuling  to  |2,00(l.  If  their  turbine  in- 
stallations were  increased  to  utilize  the  entire  regulated  flow  there 
would  ))e  a further  annual  beuetit  of  approximately  $8,900.  Addi- 
tional increase  in  value  would  accrue  to  these  water  powers  from 
secondary  power  if  still  further  increase  in  installations  were  made. 

WATER  POWER  OF  THE  BEAVER  RIVER. 

In  the  51  miles  above  its  mouth,  the  natural  bed  of  the  Beaver 
river  falls  ai»proximately  55  feet,  and  this  stretch  was,  many  years 
ago,  recognized  as  a source  of  power;  dams  were  built,  water  wheels 
installed  and  an  active  industrial  center  established.  Aitiitroxi- 
mately  50  feet  has  been  utilized  by  the  construction  of  three  dams 
at  which  Avheels  to  the  total  capacity  of  2,800  horsepower  have  been 
installed.  I’ower  is  used  for  ]juni])iug  water  to  supply  the  towns 
and  villages  on  both  sides  of  the  stream,  for  generating  electricity 
for  lighting  these  towns  and  for  various  manufacturing  purposes, 
.such  as  flouring  mills,  planing  mills,  pottery,  white  lead,  nail  and 
wire  tvorks.  In  recent  years,  with  the  decreasing  volume  of  di-y 
weather  flow  these  itowers  have  become  of  less  importance  so  that 
the  industries  dependent  upon  them  have  installed  steam  reinforce- 
ment jdants.  One  of  these  dams  has  been  partially  destroyed  by 
recent  Hoods,  so  that  much  of  the  power  is  now  lost.  A fourth  dam, 
at  which  there  is  no  ]»ower  developed,  and  is  located  just  above  the 
mouth  and  is  Hooded  by  backwater  from  the  Ohio  river. 

The  dam  at  New  Brighton,  three  miles  above  the  mouth  is  15.5 
feet  high,  500  feet  long,  constructed  as  is  the  lower  dam,  of  timber 
ciiblung.  From  this  dam  there  are  two  headraces,  one  on  each  bank 
of  tbe  stream,  controlled  by  separate  companies.  Various  manu- 
facturing companies  are  utilizing  the  fall  from  the  race  to  the  river, 
the  head  varying  from  15  feet  to  20  feet,  xit  times  of  exces.sive  floods 
in  the  Ohio  river,  water  backs  up  on  this  structure. 

The  Beaver  Falls  dam  one  mile  above  the  New  Brighton  dam  is- 
15  feet  high,  and  of  similar  construction  to  the  two  below.  There  is 
but  one  race,  and  the  power  is  divided  into  200  shares,  each  said  to 
be  equal  to  about  12  horsepower.  This  dam  has  been  recently  par- 
tially destroyed  and  little  or  no  power  is  being  used  from  it  at 
present. 

At  Eastvale,  51  miles  above  the  mouth  and  at  the  head  of  the 
rapid  section  of  the  river,  is  a dam  of  more  recent  construction,  14 
feet  high,  640  feet  long,  at  which  a total  of  600  horsepower  can  be 
developed  from  the  turbines  installed,  when  sufficient  water  is  avail- 
able. The  ] lower  is  devoted  entirely  to  pumping  water  for  domestic 
and  industrial  supply. 


The  mainteuauce  of  a flow  of  450  second  feet  at  Sharon  would 
insuie  a ininimuin  flow  available  for  power  purposes  along  this 
stretch  of  the  Beaver  river  of  approximately  050  cubic  feet  per 
second.  Of  the  05  feet  available  fall,  these  dams  and  their  races 
have  developed  approximateh’  50  feet  and  the  records  indicate  that 
a total  installation  of  2,800  horsepower  was  in  partial  use  previous 
to  the  injury  to  the  second  dam.  The  minimum  flow  used  at  a head 
of  50  feet  would  furnish  2,730  continuous  horsepower  as  against  the 
present  minimum  output  of  about  840  hoi'sepower.  On  the  same 
ba.sis  as  that  iised  above  in  connection  wifh  the  improvement  of  the 
Shenang'o  river  powers,  the  improvement  of  the  minimum  flow  would 
benefit  these  powers  |9,500  per  year.  The  proposed  regulation  would 
transform  these  powers  from  a present  small  value,  except  that  at 
the  upper  dam,  into  a valuable  primary  i>ower,  augmented  by  a 
secondary  jjower  good  for  six  months  in  the  year  of  approximately 
12,000  horsepower  of  such  evident  value  that  it  would  be  developed 
and  would  be  an  asset  to  that  community. 

TEMPERATURE  OF  RIVER  WATER. 

The  extensive  and  repeated  use  of  the  water  of  the  Sheuango  river 
for  cooling  purjioses,  by  the  various  steel  mills  along, its  course,  re- 
sults in  rai.sing  its  mean  annual  temperature  aljove  that  of  the  air, 
and  during  the  season  of  low  flc)w  a diminution  in  the  supply  avail- 
al)le  for  domestic  and  other  uses  results  from  the  abnormal  evapora- 
tion which  takes  place  at  snch  times.  Experiments  on  evaporation 
carried  on  in  Pymatuning  Swamp  showed  that  the  water,  during 
•Tune,  -July  and  August,  1012.  avei’aged  two  degrees  cooler  than  the 
air  and  that,  nnder  these  conditions,  the  annual  evaporation  was  30.9 
inches  in  depth  from  the  water  surface.  Records  of  stream  tempera- 
ture below  Farrell,  taken  during  1909  showed  an  average  during 
these  months  23.4  degrees  liotter  than  the  air.  so  that  the  evapora- 
tion and  consequent  reduction  in  volume,  from  this  sluggish  stream, 
was  considerable.  Increasing  the  flow  in  tlie  river  by  the  ]»ro})osed 
reservoir  would  i)revent  the  present  rise  in  temperature  and  con- 
sequent loss  through  evaporation,  effecting  the  conservation  of  the 
water  now  being  lost  in  this  way. 

The  water  of  the  Shenango  river  is  nsed  juuncipally  for  cooling- 
purposes  by  the  numerous  steel  companies.  Each  blast  furnace,  of 
which  there  are  al)out  a score  in  the  valley,  requires  from  three  to 
five  million  gallons  ])er  day,  depending  on  the  size  of  the  furnace 
and  upon  the  temperature  of  the  water.  The  plate  and  wire  mills 
also  use  large  quantities  for  cooling.  For  all  the  purposes,  it  has 
been  estimated  that  a steel  plant  will  use  about  30,000  gallons  of 
water  per  day  for  each  ton  of  output.  The  colder  the  water  the 
greater  is  its  efficiency  for  cooling  and  the  greater  is  the  life  of  the 


48 


equipment,  lienee  it  is  essential,  particularly  if  the  available  volume 
is  small,  to  have  its  temperature  low.  Not  only  is  the  water  supply 
to  these  works  extremely  limited  in  summer,  but  its  temperature  for 
months  at  a time  has  been  found  to  remain  above  ninety  degrees 
Fahrenheit. 

The  temperature  of  the  air  and  of  the  water  at  Sharon  and  New 
Castle  has  been  obseried  for  some  time  and  the  results  show  the 
effect  of  the  use  of  the  water,  by  the  steel  works,  upon  its  tempera- 
ture. Under  normal  conditions,  in  this  vicinity,  the  water  in  the 
flowing  streams  remains  cooler  than  the  average  temperature  of  the 
air,  but  the  records  show  that  after  being  used  at  Sharon  and  Farrel 
it  averaged  during  the  year  1910,  16.3  degrees  hotter  than  the  air, 
as  shown  by  Table  No.  15,  the  maximum  monthly  excess  being  36.4 
degrees : 

TABLE  15. 

Monthly  Mean  Temperature  of  Air  and  River  Water  Below  Farrell,  in  1910. 


Montb. 

Temperature  of 
water. 

Temperature  of 

air. 

1 

Increase — water 

over  air. 

1 

deg. 

deg. 

deg. 

44 

25.4 

18.6 

February,  

45 

22.5 

22.5 

53 

43.6 

9.4 

62 

49.6 

12.4 

70 

54.6 

15.4 

80 

63.8 

16.2 

89 

71.5 

17.5 

104 

67.6 

36.4 

79 

63.6 

15.4 

64 

53.2 

10.8 

November 

42 

35.2 

6.8 

38 

23.6 

14.4 

Avorage,  

64.2 

47.9 

16.3 

The  daily  maximum  temperature  of  the  water  reached  140  degrees, 
and  the  cooling  effected  liy  such  water  was  necessarily  small.  It  is 
this  water  that  passes  down  the  river  to  Wheatland  and  West  Mid- 
dlesex and  thence  to  New  Castle,  to  be  used  for  municipal  and  in- 
dustrial purposes,  cooling  somewhat,  however,  before  reaching  that 
point  and  also  losing  volume  through  evaporation.  The  largest 
mills  at  New  Castle  are  below  the  junction  with  Neshannock  creek, 
the  water  from  which  increases  the  volume  and  reduces  the  tem- 
perature. Tlie  New  Castle  water  works  intake  is,  however,  above 
the  mouth  of  Neshannock  creek. 

At  New  Castle  the  water  is  again  heated  by  reuse,  the  resultant 
temperatures  being  greated  than  at  Sharon  during  the  midsummer 
months.  In  August,  September,  October  and  November,  when  the 
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flow  is  low,  the  greatest  rise  in  temperature  of  the  water  over  that  of 
the  air  takes  place,  the  maximum,  in  1909,  being,  in  October,  17  de- 
grees and  in  1910,  in  August,  15.8  degrees.  At  New  Castle  it  was 
possible  to  determine  the  actual  increase  in  the  temperature  of  the 
water  as  it  passed  through  the  industrial  district,  as  illustrated  by 
the  following  table; 

TABLE  NO.  16. 

Monthly  Mean  Temperature  of  Shenango  River  Water  at  Upper  and  Lower  Ends 
of  Industrial  District,  New  Castle,  Penna. 


4) 

> 

O 

es 


Et 

o 

A 


1909. 

Month. 


March,  

April 

May,  

June,  

July,  

August,  

September,  . . 

October,  

November,  ... 
December,  ... 

Average, 


1910. 

January 

February 

March,  

April 

May 

June,  

July 

August,  

September 

October,  

November,  

December,  

Average 


^ 50 

? 5 


Ph 

deg. 

deg. 

deg. 

34.5 

45.1 

10.6 

47.0 

52.6 

5.5 

58.5 

63.5 

5.0 

69.0 

76.0 

7.0 

74.5 

83.5 

9.0 

80.5 

92.2 

11.7 

so.o 

91.0 

11.0 

72.6 

80.5 

8.0 

59.3 

64.5 

5.2 

38.5 

45.0 

6.5 

61.43 

69.38 

7.95 

32.0 

39.5 

7.5 

29.3 

37.2 

7.9 

39.0 

45.3 

6.3 

51.3 

56.6 

5.3 

61.3 

66.8 

5.5 

72.4 

80.3 

7.9 

85.8 

100.8 

15.0 

95.7 

117.5 

21.8 

76.9 

86.6 

9.7 

59.4 

64.6 

5.2 

37.2 

43.9 

6.7 

29.2 

37.1 

7.9 

55.8 

64.69 

8.89 

This  table  shows  an  average  rise  of  temperature  of  7.95  degrees  in 
1909  and  8.89  degrees  in  1910,  with  a maximum  monthly  mean  rise 
in  August,  1910,  of  21.8  degrees,  when  the  temperature  of  the  water 
below  the  mills  was  117.5  degrees;  on  individual  days  the  rise  was 
often  much  greater,  the  maximum  increase  being  nearly  50  degrees 
Fahrenheit. 


PROPOSED  PYMATUNING  DAM. 

In  order  to  obtain  sufficient  storage  area  to  reduce  the  fluctuation 
of  the  surface  of  the  reservoir  and  to  maintain  a water  level  such  as 
would  not  require  the  purchase  of  the  more  valuable  laud,  it  was 
determined  that  the  proposed  dam  should  be  placed  as  far  down- 


.stream  as  jtossible.  lu  tlie  vioiTiity  of  Turnerville  the  hills  on  both 
sides  of  the  valley  converge  to  form  a narrower  valley  than  above 
lhat  ]ioint  and  it  was  deemed  advisable  to  locate  the  dam  in  this 
section.  Detailed  survey  was  made,  extending  northward  about  one- 
lialf  mile  from  the  Turnerville  Hoad  and  entirely  across  the  valley. 
Several  ])0ssible  dam  sites  were  chosen  from  this  survey  and  that  con- 
sidered best  Avas  selected  for  further  study.  Borings  were  made 
across  the  valley,  penetrating  to  rock  on  the  Avestern  side,  while  on 
the  east  and  in  tlie  center  thev"  Avent  doAvn  .50  to  00  feet  without  find- 
ing rock. 

The  .snbsti'atum  that  fills  the  [)reglacial  gorge  at  the  Turnerville 
dam  site  consists  of  an  im]tervi<»us  deposit  of  tine  sand  and  clay,  tliat 
Avill  sei-ve  for  the  foundation  of  a dam  of  the  tyi)e  and  height  pro- 
]»osed.  After  jtenetrating  a .short  distance  beloAV  the  surface  the 
strata  are  generally  of  an  extremely  fine  clay,  and  it  bas  lieen  noted 
that  Avhenever  gi-avel  oi'  .sand  strata  were  encountered,  there  was  a 
large  ]>ei’centage  of  clay  consolidated  Avith  and  filling  its  voids,  re- 
snlling  in  a ]»robably  im])e]-vions  material.  Additional  borings 
shoidd  be  made  ])i-ior  to  the  final  choice  of  a dam  site  and  before  fix- 
ing minor  details  of  construction.  Tlie  i-ock  outcrop  in  the  run  im- 
mediately uiistream  from  the  dam,  indicates,  together  with  the  test 
borings,  that  a firm  and  sidid  foundation  favorable  for  a concrete 
wastcAvay  and  regulation  Avorks  is  obtainable. 

The  tA'i»e  of  dam  considered  in  the  iireliminary  design,  is  an  earth 
embankment,  Avilh  flat  slojies.  tilling  the  jiresent  valley  to  an  average 
lieight  of  27  feet,  combined  Avith  a conci'ete  spillAA'ay,  dam  and  chan- 
nel founded  on  rock  at  the  AA'est  end  of  the  dam.  The  embankment 
Avonhl  be  constructed  of  earth,  ])laced  in  layers  and  rolled,  material 
being  availalde  close  at  hand,  to  make  a tight  structure. 

The  s])illAvay  has  been  given  a Avidth  of  250  feet,  iiermitting  a dis- 
charge ca]iacity  more  than  that  of  the  shorter  dams  at  -Tamestown 
and  Greenville,  the  latter  lieing  beloAv  the  junction  of  the  Little 
Hlienango  and  the  Shenango  rivei-s,  Avhere  the  drainage  area  is  more 
than  double  that  at  the  dam  site.  In  addition,  tAvo  regulating  gates, 
20  feet  Avide,  are  provided,  together  AAdth  a 96-inch  blow-otf  and  regu- 
lating pi]»e. 

Bainfall  at  the  ]-ate  of  eight  inches  in  48  hours,  Avhich  is  iu  excess 
of  that  Avhich  has  been  knoAvn  to  occui',  Avould  raise  the  level  of  the 
reservoir  but  2.0  feet,  Avith  a constantly  increasing  floAAg  at  the 
spillAvay,  which  is  designed  to  discharge  at  the  maximum  rate  of 
2.30  second  feet  jier  sipiare  mile  of  Avatershed.  As  the  tloAv  at  Sharon, 
coming  from  the  rest  of  the  Avatershed,  falls  beloAv  the  required  450 
second  feet,  the  gates  Avill  be  opened  to  alloAv  of  the  discharge  of 
sutticient  Avater  to  make  up  the  dehciency,  and  vice  A^ersa  when  the 
natural  run-off  at  Sharon  increases,  the  gates  Avill  be  closed. 


Woodland  near  Westford. 


Dam  Site  Looking  Upstream  from  Turnerville  Bridge. 


'■■i-  ■ ■■•■ 
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EVAPORATION. 

To  determine  the  loss  in  evaporation  by  substituting  the  water 
area  for  a land  area,  data  was  secured  at  and  in  the  vicinity  of 
Linesville.  From  the  lirst  to  June  to  the  first  of  October,  1912, 
this  information  was  gathered  by  observing  the  evaporation  from 
three  tanks;  one  at  an  elevation  of  approximately  1,020  feet,  in 
Linesville  borough ; one  at  elevation  1,006,  in  the  wooded  swamp, 
and  another  at  this  elevation  in  the  onion  fields,  which  represent 
The  average  conditions  of  the  cleared  swamp  area.  It  was  found 
(hat  the  evaporation  from  the  cleared  area  of  the  swamp  did  not 
(lifter  materially  from  that  of  the  observations  collected  from  the 
tank  in  the  borougli.  but  that  the  tank  in  the  woods  liad  less  evajio- 
ration,  due  primarily  to  tlie  lower  temperature  of  the  air  and  water 
in  the  woods  and  the  j)artial  shading  of  the  sun’s  rays  and  ju-otection 
from  the  winds.  A summary  of  the  results  of  the  evaporation  that 
would  occur  from  a water  area  under  the  climatic  conditions  at  the 
reservoir  site  is  as  follows: 

Month:  Jan.  Feh.  Mar.  Apr.  May  June  Jiilv  Aug.  Sept.  Oct.  Nov.  Dec.  Total 

Inches:  0.75  0.S5  l.^o  2.35  3.50  4.35  4.70  4.30  3.25  2.50  l.SO  1.20  30.9 

As  the  average  climatic  couditious  at  Greenville,  for  a period  of 
eighteen  years,  correspond  with  those  of  1912,  the  mean  evaporation 
is  probably  close  to  that  given. 

It  has  been  determined  from  actual  stream  measurements  that 
there  is  a loss  of  21  inches  of  rainfall  in  an  average  year,  due  to 
evaporation  from  land  surface,  absorption  by  plants,  seepage,  etc., 
in  this  locality,  the  balance  of  the  rainfall  being  furnished,  in  vary- 
ing amounts,  to  the  Shenango  river.  By  creating  a lake  from  which 
an  evaporation  of  90.9  inches  would  result  in  an  average  yimr,  there 
is  a loss  of  9.9  inches  to  be  added  to  the  21  inches  now  occurring  from 
the  area  which  would  be  submerged,  and  in  deteianining  the  storage 
required  for  regulation  at  Sharon,  this  has  been  allowed  for. 

RELATION  BETWEEN  RAINFALL  AND  RUN-OFF. 

The  monthly  mean  rainfall  of  21  stations  lying  in  or  adjacent  to 
the  Shenango  watershed  above  Sharon,  has  been  collected  and  shown 
in  Table  Xo.  17,  from  1878  to  date,  and  the  mean  monthly  and  mean 
annual  preciidtation  was  determined  therefrom  for  the  coutialnitary 
area  above  Sharon,  as  given  in  Table  No.  18.  Daily  observation  of 
stream  flow,  from  1909  to  date,  determined  from  60  discharge  meas- 
urements corresj)onding  to  a wide  range  of  gage  heights,  have  been 
made  at  Sharon,  and  from  these  the  relation  between  rainfall  and 
run-off  has  been  formulated,  to  ecpiate  the  lanifall  data  pie\ious  to 
1910  to  equivalent  run-off  of  the  Shenango  river  at  Sharon.  Due  re- 
gard has  been  paid  to  the  variable  run-offs  to  be  expected  from  the 
erratic  rainfalls  that  may  occur  in  the  same  montli  during  a number 
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of  years.  The  resulting  luouthly  mean  run-off  has  been  calculated  on 
a sliding  scale,  dependent  on  the  variable  rainfall  and  soil  conditions 
for  that  month. 

The  accumulated  run-otf,  showing  the  total  yield  for  the  water- 
shed, was  expressed  graphically  to  illustrate  the  behavior  of  the 
sti’eam  from  ISTS  to  1912  and  the  periods  including  the  lowest  flows 
were  subjected  to  a ])reliminary  investigation.  This  demonstrated 
that  the  periods  from  1S93  to  1899  and  from  1904  to  date,  represented 
the  most  exacting  conditions  which  the  reservoir  would  have  to 
i-egulate  and  that  the  critical  period  was  the  extreme  dry  years  of 
1909-1910,  which  were  preceded  and  followed  by  years  representing 
the  average  conditions.  Therefore,  1904  to  1912  has  been  subjected 
to  a detailed  study  and  the  daily  discharge  for  this  period  at  Sharon 
tabulated,  the  time  and  amount  of  deficiency  in  stream  flow  at 
Shaion  being  determined  and  the  amount  of  storage  required  above 
the  dam  site  at  Turnerville  estimated.  If  the  reservoir  was  built, 
one-sixtli  of  the  watershed  above  the  dam  site  would  be  converted 
into  water  surface,  the  rain  falling  ujion  which  would  yield  100  per 
cent,  run-otf.  This  source  of  increased  yield  has  not  been  considei’ed 
in  the  computations,  but  jirovides  a factor  of  safety  in  insuring  an 
adequate  sujtply. 

To  determine  if  sufficient  water  could  be  depended  upon,  from  the 
drainage  area  above  Turnerville,  to  furnish  the  amount  of  storage 
esfimated  as  necessary  for  the  regulation  of  the  Shenango  river,  the 
daily  run-off  at  Turnerville  from  1904  to  1912  was  estimated.  The 
cap'acities  of  the  reservoir  at  each  foot  in  depth  were  also  calculated, 
from  the  topograjOdcal  surveys  made,  which  permitted  of  fixing  the 
height  of  the  jirojtosed  dam.  In  selecting  this  the  variable  storage 
reipiired  in  wet  and  dry  years,  the  desirability  of  keeping  the  swamp 
lands  covered  at  all  times  and  utilizing  as  much  of  this  and  as  little 
im]»roved  land  as  jiossible,  were  used  as  factors. 

The  flow  line  decided  on  was  at  an  elevation  of  1008  above  mean 
sea  level  and  the  calculated  fluctuations  in  the  reservoir  in  May, 
1904,  are  to  be  found  in  Table  No.  19. 

The  mean  daily  discharge  in  cubic  feet  per  second  of  the  Shenango 
river  at  Sharon,  determined  by  the  stream  measurements  and  re- 
fei-red  to  the  Chestnut  street  gage,  are  given  in  tables  Nos.  20  to  23, 
inclusive,  and  the  estimated  monthly  discharge  in  Table  No.  24. 
The  mean  daily  discharge  at  Turnerville  is  given  from  February  1st, 
1912,  in  table  No.  25  and  the  monthly  discharge  data  in  table  No.  26. 


TABLE  17. 

STATIONS  USED  TO  DETERMINE  MEAN  PRECIPITATION  FOR  WATERSHED  ABOVE  SHARON,  PA.,  FOR  YEARS  1878  TO 


63 


*r>c*notos  stations  in  Ohio. 


PRECIPITATION  AND  RUN-OFF  STATISTICS  FOR  WATERSHED  ABOVE  SHARON,  PA.,  FOR  YEARS  1878  TO  1912. 

PrecipifatioF  i Kun-Off.  | 
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ELEVATION  OP  WATER  SURFACE  IN  PYMATUNING  RESERVOIR  SHOWING  CALCULATED  FLUCTUATIONS  FOR  THE 
REGULATION  OP  450  SECOND-FEET  AT  SHARON,  PENNSYLVANIA,  FOR  YEARS  1904  TO  1912. 

Plow  Line  Elevation  1008.00. 
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TABLE  NO.  20. 


Mean  Daily  Discharge,  in  Second-Feet,  of  Shenango  River  at  Sharon  For  1909. 


Day. 

August. 

September. 

October. 

1,  

75 

46 

27 

2’  

70 

46 

27 

3’  

70 

33 

27 

4’  

54 

63 

28 

C ’ 

46 

46 

28 

g’  

46 

37 

27 

7,  

46 

37 

28 

s'  

46 

33 

30 

9 

46 

37 

30 

46 

46 

28 

11’  

46 

41 

33 

12’  

44 

46 

33 

13  

41 

33 

33 

14  

41 

33 

37 

40 

33 

37 

16  

44 

28 

33 

17’  

37 

28 

37 

is'  

41 

28 

33 

63 

30 

37 

20  

44 

30 

37 

46 

28 

41 

99'  ....  

46 

28 

41 

49 

28 

33 

46 

30 

33 

45 

30 

37 

49 

80 

37 

45 

28 

33 

46 

28 

33 

46 

27 

46 

46 

28 

46 

31’  

46 

46 

TABLE  NO.  21. 

Mean  Daily  Discharge  in  Second-Feet  of  Shenango  River  at  Sharon  For  1910. 


Day. 

1 

January.  I 

February. 

1 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

1 

75 

885 

9,320 

190 

1,010 

310 

46 

37 

23 

63 

248 

925 

2,  

87 

773 

13,600 

177 

1,070 

411 

46 

37 

27 

46 

278 

890 

3,  

100 

783 

12,300 

177 

1,210 

612 

58 

37 

46 

46 

376 

792 

4,  

164 

1,010 

10,600 

310 

2,190 

792 

63 

37 

138 

46 

376 

768 

5,  

190 

1,1C0 

9.320 

590 

2,280 

704 

63 

37 

75 

54 

343 

700 

6 

190 

99) 

8,930 

548 

1,800 

722 

75 

37 

190 

448 

326 

655 

190 

816 

7,370 

506 

1,090 

612 

87 

34 

164 

678 

294 

646 

8 

190 

655 

7,570 

527 

840 

486 

87 

30 

138 

527 

233 

590 

9 

233 

590 

3,000 

527 

612 

360 

63 

30 

87 

448 

218 

486 

10,  

233 

523 

1,760 

411 

486 

310 

60 

30 

63 

278 

248 

376 

11,  

218 

411 

1,220 

310 

360 

278 

54 

30 

37 

248 

569 

376 

12;  

204 

411 

1,160 

263 

294 

245 

46 

27 

46 

218 

940 

376 

13 

190 

376 

1,120 

218 

278 

278 

138 

27 

63 

190 

1,030 

360 

14 

190 

33G 

1,070 

204 

278 

248 

112 

27 

61 

164 

816 

343 

15,  

185 

293 

664 

164 

233 

218 

112 

27 

37 

138 

1,240 

326 

16',  

180 

448 

595 

164 

190 

204 

63 

27 

46 

112 

1,150 

310 

17 

177 

350 

569 

151 

164 

190 

63 

27 

46 

87 

1,150 

278 

18 

745 

S90 

527 

138 

233 

218 

63 

80 

30 

87 

965 

278 

19 

2,230 

890 

486 

164 

177 

177 

46 

27 

22 

75 

865 

278 

20,  

2,470 

890 

48G 

190 

177 

138 

37 

27 

20 

63 

788 

248 

21’  

2,3S0 

816 

448 

326 

204 

100 

37 

27 

20 

54 

722 

32S 

22 

2,740 

950 

467 

326 

506 

112 

39 

27 

20 

87 

$78 

343 

23 ; 

2,140 

1.000 

448 

310 

700 

112 

42 

27 

25 

75 

655 

376 

2i,  

1,670 

890 

411 

307 

506 

75 

44 

27 

218 

87 

792 

310 

2n 

1,335 

840 

376 

1,040 

360 

63 

46 

26 

310 

112 

1,270 

486 

26’  

1,200 

722 

360 

2,630 

360 

75 

46 

27 

190 

190 

1,340 

700 

27 

1,300 

915 

326 

1,720 

294 

46 

46 

26 

138 

248 

1,150 

792 

2S\  

1,480 

5,240 

278 

1,650 

278 

37 

37 

25 

138 

218 

1,090 

915 

29’  

1,350 

263 

1,210 

278 

37 

37 

27 

112 

248 

1,060 

3,020 

30’  

i;i20 

218 

965 

233 

46 

37 

25 

87 

263 

1,040 

4,870 

■915 

204 

294 

37 

25 

278 

5,340 

57 


TABLE  NO.  22. 

Mean  Daily  Discharge  in  Second-Feet  of  Shenango  River  at  Sharon  For  1911. 


],  

3,535 

1.210 

768 

1,204 

965 

190 

143 

33 

353 

5,843 

278 

640 

2,  

4,440 

1,095 

655 

1,015 

990 

190 

125 

32 

294 

5,169 

535 

612 

3 

5,986 

880 

569 

890 

840 

138 

125 

35 

263 

3,032 

486 

535 

4 

2,790 

840 

482 

802 

840 

138 

75 

58 

201 

1,808 

535 

502 

5 

2,100 

745 

376 

1,856 

745 

87 

38 

120 

201 

1,596 

655 

433 

6 

1,435 

655 

369 

1,896 

612 

75 

30 

58 

210 

1,198 

6bb 

383 

7 

1,106 

655 

393 

1,210 

506 

68 

30 

41 

218 

2,575 

1,210 

397 

8 

980 

655 

343 

1,015 

310 

63 

28 

34 

177 

1,685 

1,335 

463 

9,  

1,078 

612 

343 

925 

278 

54 

25 

35 

221 

1,046 

1,010 

629 

745 

612 

486 

850 

278 

31 

38 

34 

294 

930 

895 

1,335 

ii!  

754 

448 

655 

722 

278 

27 

204 

31 

360 

890 

840 

1,045 

12 

3,270 

467 

569 

722 

248 

117 

100 

30 

260 

778 

816 

1,400 

33,  

4,376 

486 

700 

700 

190 

233 

92 

30 

177 

705 

1,198 

3,684 

14 

4,780 

1,335 

677 

990 

190 

143 

56 

28 

143 

569 

925 

4,104 

15 

7,491 

3,140 

54.S 

1,095 

164 

100 

39 

29 

7,759 

467 

792 

4.248 

16,  

6,040 

2,627 

527 

826 

164 

63 

28 

31 

12,908 

426 

821 

3,861 

17 

2,001 

2,790 

486 

802 

164 

51 

63 

39 

7,697 

369 

745 

2,5.33 

18 

1,380 

3,670 

655 

664 

190 

41 

30 

87 

2,366 

4,024 

2,346 

1,800 

19 

1,051 

3,387 

935 

722 

218 

37 

28 

100 

1,400 

4,280 

2,669 

1,296 

20 

754 

1,840 

950 

1,610 

218 

37 

27 

63 

1,073 

1,965 

1,760 

1,040 

21 

65  a 

1,387 

826 

1,150 

248 

36 

27 

32 

830 

1,784 

1,730 

811 

22 

548 

1,084 

655 

1,965 

177 

30 

30 

32 

616 

1,264 

1,367 

731 

23,  

429 

792 

830 

2,422 

190 

28 

30 

30 

433 

1,139 

1,095 

1,270 

24 

326 

700 

718 

1,367 

190 

28 

58 

46 

365 

1,477 

1,062 

1,270 

25 

294 

780 

569 

965 

218 

33 

54 

56 

297 

696 

1,180 

1,095 

26 

326 

1,005 

527 

722 

138 

34 

46 

61 

263 

552 

925 

1,073 

27 

340 

1,180 

548 

655 

138 

233 

46 

100 

207 

478 

890 

1,400 

28 

4,312 

840 

975 

612 

87 

1,122 

41 

463 

275 

426 

840 

1,400 

29 

5,112 

840 

840 

46 

343 

41 

2,790 

960 

397 

880 

840 

30'  

4,328 

940 

709 

27 

177 

35 

i!328 

1,200 

356 

768 

845 

31,  

2;  900 

1,328 

27 

34 

515 

369 

1,662 

TABLE  NO.  23. 

Mean  Daily  Discharge  in  Second-Feet  of  Shenango  River  at  Sharon  For  1912. 


1 

3,150 

816 

1,770 

4,440 

2,270 

230 

60 

87 

655 

169 

700 

218 

■j 

1.950 

745 

1,400 

6,050 

1,500 

215 

49 

87 

1,720 

138 

590 

260 

3 

1.335 

731 

1,070 

7,350 

1.120 

297 

49 

97 

1,000 

128 

627 

394 

4 

1,070 

700 

845 

5,640 

895 

310 

107 

85 

816 

112 

467 

433 

5,  

573 

687 

673 

3,520 

612 

230 

60 

68 

467 

112 

441 

376 

6,  

480 

569 

544 

2,900 

486 

233 

46 

92 

393 

87 

397 

1,470 

7,  ♦ 

515 

463 

510 

2,630 

433 

248 

61 

75 

444 

77 

478 

1,484 

8 

506 

411 

502 

3,960 

356 

224 

41 

73 

330 

68 

920 

1,056 

9 

506 

376 

637 

2,520 

330 

185 

44 

87 

233 

82 

773 

1,070 

10 

594 

350 

655 

1,S30 

310 

138 

75 

187 

204 

278 

745 

826 

11.  

448 

326 

511 

1,340 

288 

128 

no 

204 

190 

1,680 

773 

691 

12 

376 

310 

486 

1,020 

317 

no 

218 

412 

169 

890 

700 

486 

13 

320 

310 

634 

840 

397 

97 

143 

218 

133 

591 

616 

263 

14 

313 

278 

629 

722 

441 

82 

102 

177 

112 

429 

561 

326 



300 

257 

1,780 

3,910 

475 

82 

60 

135 

104 

310 

519 

317 

16,  

310 

215 

2,780 

3,450 

544 

426 

92 

112 

77 

248 

519 

333 

17.  

298 

207 

3,670 

2,060 

750 

535 

164 

92 

87 

174 

486 

359 

18 

336 

221 

4.780 

1,760 

773 

404 

263 

73 

125 

143 

448 

408 

19 

688 

267 

6,520 

1,280 

696 

278 

117 

100 

107 

441 

426 

411 

20 

830 

603 

5,950 

975 

633 

201 

54 

185 

112 

890 

376 

429 

21 

760 

773 

5,110 

773 

511 

148 

323 

107 

112 

629 

376 

373 

22 

696 

885 

3,780 

636 

397 

133 

257 

104 

102 

544 

336 

248 

23 

600 

754 

2,790 

655 

320 

112 

154 

87 

260 

3,640 

294 

248 

24,  

633 

682 

4,610 

551 

251 

100 

732 

107 

850 

6,810 

278 

310 

25,  

612 

655 

4,040 

486 

230 

102 

620 

87 

612 

6,390 

272 

248 

26,  

595 

2,230 

2,770 

404 

190 

112 

380 

1„960 

429 

5,380 

251 

218 

27 

486 

3,880 

2,360 

383 

164 

92 

263 

1,810 

370 

3,270 

248 

224 

28,  

459 

3.890 

2,690 

360 

169 

82 

204 

812 

291 

2,010 

233 

196 

29 

400 

2,370 

5,250 

1.220 

164 

80 

177 

6V0 

248 

1,400 

21s 

154 

30,  

759 

7 390 

3,820 

193 

63 

138 

642 

190 

1 040 

212 

437 

31,  

910 

5,950 

O-jO 

112 

865 

830 

1,675 

J 


58 


TABLE  NO.  24. 

Estimated  Monthly  Discharge,  Shenango  River,  at  Sharon. 
(Drainage  area,  605  square  miles.) 


I)iscliarg:e  in  Second-feet. 


Kim-olT. 


Month. 


1909. 


August, 
September, 
October,  .. 


1910. 


January,  . 
February, 
March,  ... 

April,  

May,  

June,  .... 

July,  

.Vugust, 
September, 
October,  . 
November, 
December, 


The  year. 


1911. 


January,  

February,  

March,  

April,  

May 

June,  

July 

August,  

September,  ... 

October 

November,  

December,  

The  year. 


1912. 


January,  

February 

March 

April,  

May,  

June,  

July 

August,  

September,  ... 

October,  

November, 

December, 

The  year. 


a 

W 

a 

75 

37 

i 

48.3 

0.080 

0.092 

63 

27 

34.6 

0.057 

0.064 

46 

27 

1 34.1 

0.056 

0.065 

2,740 

75 

844 

1.395 

1.608 

5,240 

298 

889 

1.469 

1.530 

13,000 

204 

3,080 

5.090 

5.868 

2, 630 

138 

547 

0.904 

1.008 

2,280 

164 

612 

1.012 

1.166 

792 

37 

274 

0.453 

0.505 

13S 

37 

59 

0.098 

0.113 

37 

25 

29 

0.049 

0.057 

310 

20 

87 

0.144 

0.160 

678 

46 

190 

0.313 

0.361 

1,340 

218 

742 

1.226 

1.368 

5,340 

248 

886 

1.465 

1.689 

13,  coo 

20 

687 

1.135 

15.433 

7,491 

294 

2,441 

4.035 

4.652 

3^670 

448 

1,283 

2.120 

2.208 

1,323 

343 

653 

1.079 

1.244 

2,422 

612 

1,064 

1.759 

1.963 

990 

Zl 

318 

0.526 

0.607 

1,122 

27 

132 

0.218 

0.243 

204 

25 

57 

0.094 

0.108 

2,790 

28 

206 

0.341 

0.393 

12,908 

143 

1,401 

2.315 

2.683 

5,843 

356 

1,558 

2.575 

2.969 

2,669 

278 

1,041 

1.721 

1.920 

4,248 

383 

1,395 

2.306 

2.659 

12,908 

25 

962 

1.591 

21.B49 

3,150 

298 

703 

1.163 

1.341 

3,890 

207 

861 

1.423 

1.634 

7,390 

486 

2,680 

4.430 

6.107 

7,350 

360 

2,250 

3.718 

4.148 

2,270 

164 

530 

0.876 

1.010 

535 

63 

189 

0.313 

0.349 

732 

41 

170 

0.281 

0.324 

1,960 

68 

319 

0.528 

0.609 

1,720  , 

77 

365 

0.603 

0.673 

6,810  1 

68 

1,258 

2.079 

2.397 

920  1 

212 

473 

0.781 

0.871 

1,575  1 

154 

524 

0.866 

0.998 

7,390 

4) 

860 

1.422 

19.361 

69 


TABLE  NO.  25. 

Mean  Daib"  Discharge  in  Sec. -Feet  of  Shenango  River  at  Turnerville  for  1912. 


Day. 

1 

January.  1 

1 

February.  j 

March.  j 

1 

Q4 

< 

1 

May.  j 

June. 

1 

July. 

August.  1 

1 

September. 

October. 

November. 

December. 

1 

325 

1,150 

1,447 

485 

85 

12 

12 

108 

35 

260 

64 

2’  

348 

883 

1,447 

542 

91 

I2I 

16 

96 

31 

229 

91 

3’  



385 

567 

1,485 

362 

108 

12 

16 

91 

26 

200 

126 

4’  

426 

406 

1,278 

236 

85 

12 

,16 

70 

22 

187 

120 

5'  



3S9 

305 

1.235 

162 

102 

12 

14 

44 

22 

174 

162 

6^  

312 

245 

1,112 

132 

132 

12 

14 

40 

20 

168 

422 

7'  

208 

190 

850 

120 

126 

12 

12 

40 

16 

200 

372 

8,  

175 

176 

985 

108 

96 

12 

12 

35 

14 

252 

442 

9'  

190 

970 

108 

70 

10 

12 

26 

14 

229 

392 

10'  

120 

172 

642 

102 

44 

10 

20 

22 

20 

292 

268 

11’  

102 

155 

442 

97 

31 

10 

26 

20 

40 

316 

222 

12’  

92 

150 

330 

102 

22 

10 

31 

16 

44 

300 

187 

13',  

87 

162 

264 

102 

22 

12 

35 

14 

40 

268 

156 

14’  

76 

235 

221 

108 

22 

12 

31 

14 

40 

229 

138 

16*  

73 

403 

491 

132 

22 

14 

22 

12 

31 

200 

114 

16’  

66 

810 

791 

174 

22 

14 

16 

14 

22 

200 

114 

17'  

56 

1,350 

925 

292 

40 

16 

12 

14 

22 

187 

126 

18’  

50 

1,977 

580 

308 

49 

12 

12 

31 

20 

174 

126 

19’  

56 

2,074 

402 

308 

44 

10 

12 

31 

120 

180 

138 

20*  

78 

1,775 

316 

260 

35 

9 

12 

22 

126 

180 

126 

21’  

110 

1,598 

260 

193 

22 

9 

12 

22 

102 

168 

168 

'>9 

140 

1,285 

207 

144 

22 

12 

12 

20 

96 

144 

132 

23’  

136 

1,132 

ISO 

120 

22 

12 

12 

31 

1,296 

120 

138 

24!  

136 

];i6o 

162 

102 

20 

14 

14 

102 

1,850 

108 

120 

25  :: 

140 

1,085 

144 

80 

20 

44 

14 

80 

2,040 

102 

91 

223 

1,085 

132 

64 

20 

40 

16 

70 

1,685 

85 

60 



27'  

900 

850 

120 

49 

16 

31 

102 

70 

1,225 

so 

60 

28’  

957 

835 

108 

40 

14 

16 

102 

64 

910 

75 

45 

29,  

1,070 

1,232 

114 

49 

14 

14 

108 

54 

617 

70 

45 

1,723 

432 

69 

14 

12 

114 

40 

422 

64 

60 



1,764 

75 

14 

114 

325 

370 

TABLE  NO.  26. 

Estimated  Monthly  Discharge,  Shenango  River,  at  Turnerville  For  1912. 
(Drainage  area,  150  square  miles.) 


Month. 

Dischar 

ge  in  Second-teet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet  per 
square  mile. 

Depth  in  Inches. 

February 

1,070 

50 

254 

1.697 

1.830 

March 

2,074 

150 

875 

5.833 

6.725 

April,  

1,485 

108 

602 

4.016 

4.481 

May,  

542 

40 

169 

1.124 

1.296 

June 

132 

14 

48 

0.318 

0.355 

July 

44 

9 

15 

0.098 

0.113 

August 

114 

12 

32 

0.210 

0.242 

September,  

108 

12 

44 

0.292 

0.826 

October,  

2,040 

14 

364 

2.428 

2.800 

November 

316 

64 

181 

1.209 

1.349 

December,  

442 

45 

168 

1.117 

1.288 

Eleven  months,  

2,074 

9 

223 

1.667 

20.897 

60 


The  surface  area  aud  amouut  of  water  that  would  be  impounded 
iu  the  proposed  reservoir,  computed  from  the  maps  of  the  survey,  are 
shown  at  intervals  of  two  feet  iu  height,  between  the  elevations  of 
980  and  1,018  feet  above  sea  level,  in  the  following  table: 

TABLE  NO.  27. 


Calculated  Surface  Area  and  Capacities  of  the  Proposed  Pymatuniiig  Reservoir. 


Elevation  Above  Sea  Level. 

Surface  Area  In  Acres. 

Capacity  of  Reservoir  in 
Million  Cubic  Feet. 

9S0 

77 

10 

982 

256 

64 

984 

COS 

164 

986 

1,158 

301 

988 

2,086 

485 

990 

3,252 

736 

992 

4,657 

1,054 

994 

5,920 

1,486 

996 

7,315 

2,066 

998 

8,730 

2,791 

1,000 

10,195 

3,663 

1.002 

11,558 

4,628 

1,004 

12,079 

5,696 

1,006 

14.368 

6,875 

1,008 

15,808 

8,182 

1,010 

17,286 

9,632 

1.012 

18,637 

11,199 

1.014 

20,083 

12,746 

1,016 

21,498 

14,318 

1,018 

22,912 

15,891 

NOTK.— 1 cii.  ft.  = 7.48  gallous. 


EFFECT  OF  RESERVOIR  ON  SURROUNDING  AGRICULTURAL  LAND. 

It  is  important  to  liave  tlie  ground  water,  upon  which  deep  rooted 
crops  dei>end  during  the  growing  season,  approach  the  surface  within 
llieir  reach.  Raising  the  water  level  by  a storage  reservoir  decreases 
the  slope  of  the  underground  water,  lessens  its  flow  into  the  surface 
streams,  and,  consecpiently,  raises  the  sub-soil  water  under  the  till- 
able land.  The  lowering  of  the  water  in  the  swamp  by  drainage 
would  have  the  opjtosite  effect. 

The  well  data  collected  at  the  reservoir  site  gives  information  re- 
garding the  imjmrtaiice  of  the  conserving  power  of  Pymatuning 
Swamp.  The  change  in  the  water  level  of  forty-six  wells,  within  and 
bordering  on  the  reservoir  site,  was  observed  from  February  1st  to 
Novembei'  1st,  1912,  and  the  data  collected  affords  a fair  indica- 
tion of  the  existing  conditions  of  the  upper  level  of  the  underground 
water.  The  maximum  observed  fall  in  ground  water  was  9.97  feet, 
occurring  from  Ax)ril  1st  to  August  1st;  a mean  fall  for  wells  in  the 
norlhern  ])ortion  of  the  reservoir  site  was  about  5.5  feet,  from  April 
1st  to  October  1st.  Tn  general  it  was  found  that  the  subsoil  water 
rose  until  April  1st,  gradually  falling  until  the  crops  were  harvested 
on  October  1st,  when,  in  response  to  the  autumn  rains,  the  under- 
ground reservoir  began  to  rise.  The  draught  on  ground  storage  in 
this  vicinity  usually  begins  about  the  middle  of  April,  and,  when 
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Typical  Views  of  Onion  Fields  and  Pasture  Lands  in  Reservoir  Site. 
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drawn  down,  nnless  tlie  precipitation  is  largely  in  excess  of  the 
normal  from  June  to  August,  the  entire  rainfall  would  be  absorbed 
by  the  dry  earth  and  plants  and  not  increase  the  ground  water.  The 
excessive  rainfalls  That  occur  from  May  to  September,  when  the 
ground  water  is  at  low  stage,  cause  less  violent  floods  than  would 
result  from  equal  precipitation  in  April  or  in  October  or  November, 
when  the  sub-soil  is  saturated. 

UNDERGROUND  STORAGE. 

The  real  storage  now  existing  in  the  Pymatuning  SAvamp  district, 
is  mainly  in  the  porous  sands  Avhich  extend  around  the  shores  of  the 
swamp.  The  dense  vegetation  in  the  SAA’amp  retards  run-off  in  the 
spring  and  raises  the  ground  Avater  level  in  the  adjacent  porous 
sand  plains  when  the  swamp  lands  are  overflowed.  This  ground 
storage  is  released  and  maintains  a flow  in  streams  and  ditches, 
tributary  to  the  river  north  of  Manning  Bridge,  long  after  Gravel 
run,  McMichael  creek  and  the  brooks  near  the  dam  site  have  become 
practically  dry. 

During  the  summer  months  the  vegetation  in  the  swamp  con- 
sumes water  for  the  support  of  ])lant  life,  particularly  in  the  district 
between  Linesville  and  HartstoAvn,  which  is  covered  with  a dense 
growth  of  weeds,  rushes  and  brush,  which,  together  with  the  in 
creased  evaporation,  decreases  the  efficiency  of  the  swamp  as  a 
stream  regulator.  The  main  benefit  which  the  Shenango  receives 
from  the  swamp  is  through  its  increased  flow  from  the  stored 
ground  water  and  in  retarding  the  spring  flow  during  the  freshet 
seasons.  This  retardation  is  materially  increased  in  winter  and 
early  spring,  by  the  fact  that  the  dense  evergreen  growth  in  the 
swamp  furnishes  an  efficient  shading  of  the  ice  and  snow,  from  the 
sun,  thereby  reducing  the  loss  by  evaporation. 

SOIL  IN  DISTRICT  ADJACENT  TO  RESERVOIR  SITE. 

According  to  the  report  of  the  United  States  Department  of 
Agriculture  on  the  Reconnoissance  Soil  Survey  of  Northwestern 
Pennsylvania,  the  soils  of  Crawford  county  occur  under  three  classi- 
fications, known  as  Volusia,  Wheeling  and  Genessee  soils.  The  for- 
mer are  composed  of  glacial  till,  while  the  Wheeling  and  Genessee 
soils  belong  to  the  terrace  and  bottom  land  series.  All  of  these  soils 
are  to  be  found  AAuthin  the  limits  or  adjacent  to  the  reservoir  site. 

The  Volusia,  or  upland  soil,  was  deposited  at  the  recession  of 
the  ice  sheet  during  the  glacial  period,  and  is  in  general,  composed 
of  silt  loam,  or  of  loam  and  clay  of  fine  texture,  but  throughout  the 
region  covered  by  the  Volusia  soils,  there  are  mixed  deposits  of 
detritus  which  rise  as  islands  in  the  swamp,  or  as  ridges  on  the 
higher  ground,  These  deposits  are  evidenced  by  the  broken  topo- 
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grapliy  near  Penn  Line,  at  Westford,  and  in  the  vicinity  of  the  dam 
site,  and  also  by  hninmocks  and  long  sinous  ridges  near  Linesville. 
The  soil  on  the  steep  areas  is  stony,  but  in  the  Hat  tracts  or  on  gentle 
sloi)es  it  is  composed  of  loam  and  clay,  in  general  having  layers  of 
six  to  eight  inches  of  loam  resting  on  a clay  sub-soil.  The  prices  of 
\"olusia  farm  lauds,  in  general,  range  from  $15  to  $50  per  acre,  a 
fairly  representative  value  for  the  areas  adjacent  to  the  dam  site 
being  about  $20  to  $40  per  acre,  including  farm  improvements. 

The  Wheeling  and  Genessee  soils  are  to  be  found  in  the  lowest 
lauds  boi'dering  on  the  Rhenaugo  river,  and  are  sedimentary.  The 
Wlieeling  soils  are  to  be  found  west  of  Padan’s  creek  and  uortli  of  the 
Swamp  Load  and  immediately  south  of  Linesville  borough.  These 
soils,  in  general,  occai])y  land  above  the  limits  of  the  j)roposed  reser- 
voir and  aie  well  drained  and  productive,  although  there  is  a ten- 
dency toward  droughts  and  a rapid  dejdetion  of  the  ground  water, 
by  reason  of  the  occurrence  of  underlying  gravel  beds.  There  are 
many  desirable  farms  on  the  Wheeling  soils,  and,  although  the  more 
sandy  and  porous  lands  are  less  productive,  the  more  valuable  lands 
are  worth  from  $Gt)  to  $80  per  acre,  where  well  improved. 

The  Genessee  .soils  are  to  be  found  in  the  alluvial  bottom  lands 
and  the  larger  proportion  of  the  land  within  the  reservoir  site  be- 
longs to  this  classitication,  l)eing  composed  of  sands  or  heavy  clays. 
That  which  is  not  subject  to  inundation,  is  tilled  to  advantage  and 
the  ]»eiiodically  overllowed  laud  is  devoted  to  pasturage. 

CLASSIFICATION  AND  VALUE  OP  LAND  IN  FLOODED  AREA. 

It  is  estimated  that  the  reservoir,  at  spillway  level,  will  inundate 
24.7  S(iuare  miles,  or  15,808  acres,  but  in  determining  its  cost  it  has 
been  assumed  that  additional  land  above  that  level  should  be  ac- 
(piiied  to  ])r()vide  for  the  raising  of  the  level  by  floods,  and  that  the 
entire  area  below  elevation  1010  should  be  purchased.  Furthermore, 
it  would  not  seem  necessary  that  the  taking  line  should  follow  all 
the  irregularities  of  the  shore  line.  At  the  upper  end  of  the  swamp, 
south  of  Linesville  and  north  of  Ilartstown,  the  x>roposed  water  level 
crosses  the  dense  swamp  and,  owing  to  the  backwater  effect  in  this 
area,  it  is  pro])Osed  to  ac(piire  flowage  rights,  up  to  elevation  1012. 
Enclosed  within  the  reservoir  there  will  be  several  i.slands,  cut  off 
from  shore  cojnmunication,  which,  ahso,  would  be  y)urchased. 
Thus  the  total  area  required  for  reservoir  purposes  amounts  to  18,- 
600  acres,  divided  as  follows: 

Land  requiied  in  fee,  85.8  per  cent,  or  17,378  acres 

Land  released  for  flowage  rights,  . . . .14.2  per  cent,  or  1,222  acres 


Total, 


18,600  acres 


Views  Showing  the  Better  Class  of  Farms  in  Reservoir  Site. 
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Of  the  17,378  acres  necessary  to  purchase,  51.7  per  cent.,  or  8,993 
acres,  is  swamp  or  partially  overflowed  land,  the  greater  portion  of 
which  is  inaccessible,  except  when  the  surface  is  frozen,  and  even  then 
is  attended  with  difficnlty  and  often  danger.  The  cultivated  lands 
and  onion  flelds  comprise  13.9  per  cent.,  or  2,413  acres,  the  balance 
of  5,972  acres,  or  24.4  per  cent.,  include  wood,  pasture  and  meadow 
lands.  The  swamp  and  dry  lands  may  be  further  subdivided  as  fol- 
lows : 

Swamp  and  overflowed  lands: 

Covered  with  woods  and  timber,  7,541  acres 

Covered  with  brush  and  burned  timber,  ....  872  “ 

Open,  580 

8,993  acres 

Dry  lands: 

Cultivated,  1,965  acres 

Onion  flelds,  448  “ 

Woodland,  930  “ 

Pasture,  meadow  and  miscellaneous,  5,042  “ 

8,385  acres 

Total,  17,378  acres 

There  are  115  buildings  in  and  bordering  on  the  proposed  reservoir 
that  would  be  affected,  sub-divided  as  follows:  53  liouses,  56  barns 
and  six  miscellaneous  structures.  It  would  not  be  necessary  to  de- 
stroy or  acquire  all  of  the  buildings  affected,  22  houses  and  21  barns 
could  be  moved  to  higher  ground  on  the  same  properties  without 
depriving  the  owners  of  their  homes.  In  general,  the  project  does 
not  involve  the  taking  of  the  better  portions  of  farms,  although  at 
the  lower  end  of  the  reservoir  it  would  be  necessary  to  take  entire 
farms  situated  in  the  flats  bordering  on  the  river. 

A fair  conception  of  the  agricultural  lands  in  this  vicinity  may 
be  obtained  from  the  39th  Re])ort  of  the  Secretary  of  Internal  Af- 
fairs of  Pennsylvania,  for  1911,  in  which  it  is  stated  that  of  the 
total  area  of  Crawford  county,  871  per  cent,  is  devoted  to  farming, 
sub-divided  as  follows: 


Total  farm  acreage,  580,411,  value,  $13,690,673 

Buildings,  “ 9,820,167 

Total  number  of  farms,  7,115 


Total,  $23,510,860 

Improved  acreage,  375,945  acres — 56.7%  of  entire  county 

Woodland  acreage 115,546  “ — 17.4%  “ “ “ 

Unimproved  acreage,  88,920  “ — 13.4%  “ “ “ 


Total,  580,411  acres — 87.5%  of  entire  county 


The  average  Crawford  county  farm  contains  about  81.6  acres,  of 
which  52.8  acres,  or  64.7  per  cent.,  are  improved  or  under  cultivation : 
the  mean  value,  per  acre,  of  the  entire  faimis  being  f23.60  or  f40.50 
per  acre,  including  buildings. 
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SWAMP  DRAINAGE. 

It  has  been  proposed,  from  time  to  time,  to  drain  the  Pymatuning 
!S^\n^mp,  by  means  of  canals  and  ditches  and  to  thus  add  7,000  acres 
of  land,  now  unjtrodnctive,  to  the  producing  area  of  the  State.  In 
I>roseculing  ibis  survey,  the  Commission  has  advised  itself  regarding 
this  feature  and  has  become  assured  that,  although  it  is  possible  to 
partially  or  perhaps  wholly  drain  the  surface  water  from  this  area, 
such  is  not  the  best  use  to  make  thereof;  that  the  greatest  benefit 
will  accinie  to  the  State  by  Hooding  rather  than  draining  it. 

Experience  indicates  that,  in  general,  the  slope  available,  limits 
the  area  tliat  can  be  feasibly  drained  and  reliable  practice  shows  that 
the  following  slopes  are  necessary  to  maintain  ditches  for  the  cor- 
responding areas: 


TABLE  NO.  28. 

Slopes  Required  For  Drainage  Ditches. 


Slope  in  feel 
per  mile. 

Area  drained. 

Kesult. 

2.0  feet  per  mile, 

28,000  acres, 

Caused  slig:ht  scour. 

2. a 

10-18,000  “ 

Self  cleauing. 

j.o 

G—  7,000  “ 

“ 

4.0 

4,000  “ 

“ “ 



2,000  “ 

“ “ 

2.0  “ 

■ ?,000  “ 

Two  foot  siltat^e. 

1.5 

2,000  “ 

Three  foot  siltage — etficieiicy  destroyed. 

The  entire  area  above  Pollock’s  Bridge  tvas  surveyed  and  the 
ditches  and  small  streams  existing  thronghont  the  swamp  located 
and  map])ed  with  reference  to  the  drainage  problem,  and  the  slope 
of  the  water  sni-face  noted.  Several  instances  were  found  where  the 
diains  had  silted  np  and  become  clogged  with  vegetation,  which  de- 
stroyed tlieir  elfectiveness. 

Tlie  area  of  the  swamji  above  Pollock’s  Bridge  is  6,900  acres,  which 
would  reipiire  a slo]»e  of  ?>.0  feet  per  mile  to  drain  properly.  It  has 
been  found  that  the  slope  for  the  lirst  3.78  miles  above  this  bridge, 
to  the  railroad,  is  1.72  feet  per  mile,  and  for  the  next  3.2  miles  the 
fall  is  3.6  feet  ])er  mile.  Drainage  ditches  constructed  between  Pol- 
lock’s Bridge  and  the  railroad  would  not  be  self  cleaning,  but  the 
territory  above  the  I’ailroad,  to  the  corduroy  road,  might  be  drained 
by  dredging  the  ditches  yearly.  Above  the  corduroy  road,  and  well 
al)ove  the  limits  of  the  reservoiig  there  is  a tract  containing  about 
1,48(1  acres  of  swamp  land,  through  which  the  stream  falls  from 
4.0  to  5.2  feet  per  mile.  It  would  he  entirely  feasible  and  practical 
to  construct  drainage  ditches  in  this  ai’ea  that  would  be  self  cleaning 
and  not  require  a yearly  appropriation  for  maintenance. 


V Drainage  Ditch  Showing  Low  and  High  Water  Conditions  in  Reservoir  Site. 
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From  Manning  Bridge  downstream,  to  the  Westford  Bridge,  tlie 
river  has  an  average  slope  of  but  1.3  feet  per  mile  and  from  the 
latter  point  to  Jamestown  the  slope  reduces  to  0.8  foot  per  mile. 
The  effect  of  extensive  drainage  above  Pollock’s  Bridge  wmuld  be 
the  formation  of  bars  and  ridges  in  the  Shenango  river  and  an  in- 
crease in  i>eriodical  overflows  below  Manning  Bridge. 

While  the  swmmp  can  undoubtedly  be  ditched,  it  appears  con- 
clusive that  a comprehensive  drainage  system  cannot  be  maintained 
without  a considerable  yearly  cost  for  maintenance.  If  the  Pyma- 
tuning  Swamp  above  Pollock’s  Bridge  should  be  subjected  to  a com- 
prehensive scheme  of  drainage,  there  would  probably  be  an  aug- 
mented dry  weather  flow  for  a year  or  so  following  such  drainage, 
but  at  the  expiration  of  this  period  the  dry  weather  flow  would  be 
less  than  under  present  conditions. 

PYMATUNING  SWAMP  AS  A REGULATOR  OF  STREAM  FLOW. 

A study  has  been  made  from  actual  measurements  in  the  swamp 
and  along  the  Shenango  river,  to  determine  the  percentage  of  flow 
from  the  swamp  at  times  of  flood  and  extreme  dry  flow,  and  from 
the  data  collected  it  has  been  demonstrated  that  in  the  flood  of  Oc- 
tober 22nd  to  29th,  1912,  32.7  per  cent,  of  tlie  flow  at  Sharon  was  con- 
tributed by  the  run-off  from  Pymatuning  Swamp,  as  measured  at 
Turnerville.  During  the  period  from  October  30th  to  November  6th, 
while  the  river  flood  was  receding,  the  swamp  contributed  39.6  per 
cent,  of  the  run-off,  from  which  the  conclusion  is  reached  that,  in  as 
much  as  this  percentage  is  in  excess  of  the  proportion  of  the  drainage 
area  at  Turnerville  to  that  at  Sharon,  by  about  15  per  cent.,  tlie 
flood  water  is  retained  in  the  swamp  and  is  paid  our  gradually  to  the 
Shenango  river  below'  Turnerville,  while  the  contributary  streams 
below  that  point  fell  off  more  rapidly. 

The  dry  periods,  which  occurred  from  July  1st  to  July  9th,  August 
1st  to  August  9th  and  August  17th  to  August  25th,  furnish  informa- 
tion bearing  on  the  amount  of  wmter  furnished  from  tliis  sw'amp 
W'hen  the  Shenango  river,  at  Sharon,  is  at  low  flow.  From  this  in- 
formation it  has  been  determined  that  wdien  the  river  at  Sharon  had 
a discharge  of  100  second-feet,  the  area  above  Turnerville  contributed 
about  12  per  cent.,  for  a discharge  of  50  second-feet,  26  jier  cent.,  and 
for  a 40  second-foot  discharge  at  Sharon,  this  area  contributed  30  per 
cent.,  which  was  the  lowest  available  point  for  direct  measurement 
obtainable  in  the  year  1912.  Continuing  the  ratio,  as  observed  from 
the  information  given  above,  and  plotting  a curve  of  percentage  on 
that  basis,  it  wms  found  that  when  the  flow  at  Sharon  falls  to  30 
second-feet,  this  area  w'ould  contribute  about  35  ]>er  cent.,  and  for  a 
20  second-foot  flow  at  Sharon,  about  43  per  cent,  comes  from  Turner- 
ville. During  the  year  1912,  28.6  per  cent,  of  the  discharge  at  Sharon 
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was  furnished  by  tlie  catchment  area  above  the  dam  site  at  Turner- 
ville,  which  is  3.8  jter  cent,  in  excess  of  the  proportional  drainage 
area.  These  investigations  do  not  include  the  stream  which  issues 
from  the  swamp,  in  the  vicinity  of  Hartstown  and  Adamsville,  and 
drains  into  the  Slienango  river,  througii  Crooked  creek,  and  enters 
the  main  stream  above  the  dam  at  Greenville. 

Tlie  improvement  in  tlie  slope  and  width  of  the  channel  of  the 
Shenango  river  travei'sing  rymatuning  Hwamp  would  permit  of  a 
more  rapid  run-olf  and  increase  tlie  tlood  flows  at  Sharon,  for  the 
reason  that  it  would  reipiire  a less  interval  of  time  for  the  water 
draining  into  Pymatuning  Swamp  to  reach  Sharon,  and  would  allow 
the  run-off  from  the  main  river  and  tributary  streams  to  culminate 
more  nearly  at  the  same  time.  At  present,  as  is  shown  by  the  records 
and  observations  taken  from  1910  to  date,  there  are  two  flood  crests 
which  occur  at  Sharon,  one  caused  by  the  tributary  streams  below 
Greenville,  and  the  other,  coming  later,  due  to  the  water  from  Pyma- 
tuning Swam}). 

During  the  low  jieriods,  if  the  channel  of  the  Shenango  river  above 
Manning  Bridge  were  improved  for  drainage  purposes,  the  waters  held 
back  in  the  swamp  and  sub-soil,  would  be  depleted  in  a short  time, 
causing  a material  decrease  in  the  percentage  which  Pymatuning 
Swamp  furnishes  at  present. 

SHORE  AND  RESERVOIR  TREATMENT. 

It  is  proposed  to  remove  all  trees  and  brush  from  the  entire  reser- 
voir and  to  burn  that  which  is  not  salable.  Around  the  shores  and 
within  the  limits  of  fluctuation  of  the  reservoir  and  three  feet  above 
the  normal  level  thereof,  in  addition  to  the  treatment  above  de- 
scribed, it  is  proposed  to  imil  the  stumps  and  carefully  clear  up  and 
burn  the  vegetable  matter.  The  sub.se(|uent  wave  action  will  ei'ode 
and  overturn  the  soil  on  the  slopes  of  the  wider  portions  and  ex- 
perience has  taught  that  this  action  results  in  creating  sandy  and 
gravelly  shores,  similar  to  those  formed  on  natural  ponds.  Conneaut 
Lake  has  a rise  and  fall  of  four  feet;  Chautauqua  Lake,  six  feet; 
Tupjier  Lake,  in  the  Adirondacks,  eight  feet,  and  they  have  beautiful 
shores  and  are  utilized  as  health  resorts. 

CONDITIONS  AFFECTING  SANITATION  AT  RESERVOIR  SITE. 

It  was  determined  to  place  the  flow  line  of  the  proposed  reservoir 
higher  than  that  actually  required  to  obtain  the  necessary  storage, 
or,  in  other  words,  to  create  a reservoir  larger  than  would  be  ex- 
hausted every  year.  Such  a reservoir  would  have  small  fluctuations 
between  high  and  low  water  and,  with  the  greater  depth,  it  would 
never  be  necessary  to  uncover  the  present  swamp,  while  the  risk 
of  the  reservoir  becoming  offensive  would  be  avoided.  This  reservoir, 


High  and  Low  Water  in  Shenango  River  Upstream  from  Pollock’s  Bridge 

Showing  Peroidic  Overflow. 


Swamp  Road  West  of  Linesville  and  Overflow  at  Padan  Creek  Bridge. 
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with  its  improved  shore  line,  its  beaches,  and  the  regulating  sluice- 
way so  devised  that  the  water  could  in  no  way  be  drawn  so  low  as  to 
uncover  the  swamp,  would  afford  an  added  attraction  to  the  nearby 
villages. 

During  the  spring  run-off’,  and  at  times  when  there  are  unusually 
heavy  rainfalls,  the  low  land,  which  is  proposed  for  a reservoir  site, 
is  subject  to  periodic  overflow  and  data  have  been  gathered  at  several 
points  to  show  the  fluctuation  in  the  floods  which  cover  over  5t)  ])er 
cent,  of  the  reservoir  contemplated.  During  such  ireriods  roads  in 
the  vicinity  of  and  above  Manning  Bridge  are  frequently  overflowed. 

The  maximum  draft  from  the  proposed  reservoir  during  1912 
would  have  been  3.7  feet,  occurring  at  the  end  of  September,  while 
between  March  1st  and  June  1st,  1912,  there  were  fluctuations  in  the 
overflows  at  the  Swamp  Road  Bridge,  over  Padan  creek,  of  five  feet, 
and  about  the  same  amount  at  the  end  of  October,  being  1,3  feet  in 
excess  of  the  variations  that  would  liave  occurred  in  the  surface  of 
the  propo.sed  reservoir.  Tlie  low  laud  in  the  vicinity  of  the  Penn- 
sylvania Railroad,  .south  of  Linesville.  was  frequently  flooded,  be- 
tween March  1st  and  June  1st,  to  a depth  of  six  feet  and  at  the  end 
of  October  there  was  a rise  of  five  feet,  covering  tlie  swamp  and  cul- 
tivated lands.  In  the  vicinity  of  the  road  across  the  swamp  near 
Shermansville  there  was  a rise  and  fall,  for  the  first  period  men- 
tioned, of  6.5  feet,  and  about  six  feet  for  the  latter  period,  which  is 
2.5  feet  to  three  feet  more  than  would  have  occurred  in  the  reservoir, 
the  water  rising  to  within  two  feet  of  the  level  at  which  it  is  proposed 
to  hold  the  stored  water.  Whether  a storage  reservoir  is  sanitary 
and  attractive,  or  unhealthy  and  unattractive,  is  mainly  a question 
of  expenditure  and  .supervision  and  it  is  believed  that  the  aesthetic 
and  sanitary  conditions  resulting  from  this  natural  overflow  are 
inferior  to  those  which  would  follow  the  construction  of  the  con- 
templated reservoir. 

HIGHWAYS. 

The  creation  of  a lake  of  practically  twenty-five  square  miles  area 
and  whose  length  is  sixteen  miles,  will  of  necessity  flood  existing 
highways  and  cause  a relocation  of  some  and  elevation  of  others. 
But  this  lake  may  become  a transportation  medium  and,  in  such 
event,  the  fewer  highways  crossing  it  the  better.  Tlie  decision  as 
to  what  roads  shall  be  preserved  will  be  a matter  for  those  interested 
to  decide,  but  for  the  purpose  of  estimating  cost,  changes  in  eleven 
miles  of  highway  have  received  attention  and  an  effort  has  been 
made  to  disturb  pre.sent  conditions  to  as  small  extent  as  possible.  It 
is  believed  that  modifications  in  the  reconstruction  of  highways  may 
materially  reduce  this  important  item  in  the  cost  of  the  proposed 
reservoir.  All  of  the  relocated  roads  are  estimated  as  having  a width 
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of  twenty  to  twenty-four  feet,  the  roadway  being  sufficiently  above 
tlie  full  water  surface  to  willistand  wave  action,  the  sides  and  ein- 
banknients  having  hat  slopes,  riprapped. 

RAILROADS. 

If  tlie  reservoir  is  constructed  with  the  flow  line  indicated,  it  will 
be  necessary  to  elevate  the  tracks  of  the  Erie  and  Pittsburgh  Division 
of  the  Pennsylvania  Pailroad  for  9,000  feet,  but  this  will  be  ad- 
\ autageous,  as  it  eliminates  grades  descending  to  and  ascending  from 
the  swamp.  In  estimating  the  cost  of  this  work  the  unit  prices  used 
are  those  given  by  railroad  officials. 

LAKE  ERIE-OHIO  RIVER  SHIP  CANAL. 

It  has  been  suggested  that  the  Pymatuning  Swamp  be  used  as  a 
storage  basin  to  sup])ly  the  summit  level  of  the  t)roposed  Lake  Erie- 
Ohio  Piver  Shi]t  Canal,  whose  i>i ejected  line  is  from  near  Ashtabula, 
t)hio,  on  Lake  Erie,  to  the  ^lahouing  river;  down  that  stream  and  the 
Leaver  river  and  uj)  the  Ohio  river  to  Pittsburgh.  It  is  said  that  the 
canal  would  recpiire  a storage  of  about  ten  billion  cubic  feet  and 
that  the  water  would  be  brought,  by  a feeder,  from  French  creek, 
and  stored  in  the  swamj)  to  he  used  as  needed.  It  is  considered  that 
the  utilization  of  Pymatuuiug  Swam])  for  regulating  the  flow  of 
the  Shenango  river  need  not  interfere  with  the  other  use,  as  it 
would  be  practicable  for  the  canal  storage  capacity  to  be  obtained 
by  raising  the  proposed  Tuinerville  dam. 

SUMMARY  OF  FIELD  WORK. 

The  stadia  work  within  the  1029  contour  above  the  dam  site  was 
tied  into  the  triangulation  system,  enclosing  an  area  of  49.18  square 
miles  and  comjiosed  of  a net  work  of  forty  stations,  which,  owing  to 
the  flat  and  wooded  country,  were  located  on  barns  and  high  cleared 
ground  around  the  reservoir  site.  A base  line  was  laid  out  along  the 
Pennsylvania  Pailroad  between  Linesville  and  Espyville,  having  a 
triangulation  station  at  each  end,  from  wliich  the  system  extended 
toward  Hartstown  and  downstream  to  the  stone  monuments  on  the 
Dhio-Pennsylvania  State  Line,  near  Penn  Line  and  Turnerville.  The 
length  of  the  base  line  was  4,404.938  feet,  the  average  variation  of  the 
measui'enients  from  the  mean  length  of  the  base  line  being  0.057 
foot,  equivalent  to  one  foot  in  14.8  miles.  The  triangulation  system, 
as  extended,  was  tied  in  near  Turnei'ville  to  the  stone  monuments  of 
the  Ohio-Pennsylvania  State  Line,  which  are  set  one  mile  apart,  the 
error  of  closure  being  0.20  foot. 

The  stadia  traverse  lines  of  the  topographical  survey  proper  began 
and  ended  at  these  accurately  located  triang-ulation  stations.  The 
total  length  of  traverse  lines,  aggregating  144  miles,  covered  an  area 
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of  39.2  square  miles  of  the  swamp  and  adjacent  country ; the  average 
error  in  closure  being  one  foot  in  1,167  feet.  These  unavoidable  errors 
were  not  allowed  to  accumulate  and  were  adjusted  between  the  tri- 
angulation stations,  the  average  length  of  a traverse  being  about  2.5 
miles.  The  average  progress  on  stadia  work,  taking  topography,  was 
1.80  miles  per  day,  the  maximum  rate  being  1.25  miles,  and  the  aver- 
age cost  per  mile  being  |17.32,  or  .$63.75  per  square  mile. 

hdnetj'-four  miles  of  primary  levels  were  run  and  135  bench  marks 
established,  to  determine  the  elevation  of  points  above  sea  level  in 
and  about  the  reservoir  site,  for  the  purpose  of  furnishing  con- 
venient reference  points  to  clieck  the  elevations  as  later  determined 
by  the  topographical  survey,  and  to  have  a reliable  datum  for  the 
slopes  in  the  river  and  for  drainage  studies.  The  system  of  levels 
is  referred  to  a United  States  Geological  Survey  bench  mark  at 
Linesville,  having  an  elevation  of  1,019.759  feet  above  sea  level,  and 
the  error  in  level  circuits  averaged  one  inch  in  sixteen  miles. 

Owing  to  the  fact  that  a large  portion  of  the  swamp  is  inaccessible 
except  when  frozen,  advantage  was  taken  of  the  severe  winter  of 
1912  to  survey  the  swamp  at  that  time,  the  temperature  during  work- 
ing hours  often  falling  to  18  and  20  degrees  below  zero.  The  town- 
ship lines  formed  by  the  tortuous  channel  of  the  Shenango  river, 
were  traversed  during  this  season  and,  so  far  as  known,  it  is  the 
first  time  these  lines  have  been  accurately  surveyed  and  located. 

I’revious  to  this  survey,  19  discharge  measurements  had  been  made 
at  Sharon,  extending  from  1909  to  1912,  to  determine  the  flow  of 
the  Shenango  river,  all  of  which  have  been  referred  to  the  Chestnut 
Street  gage.  In  addition  to  the  above  data,  a series  of  reliable  stream 
discharge  measurements,  19  in  number,  were  made  by  this  survey 
during  1912,  and  new  stations  were  established,  as  shown  by  the  fol- 
lowing table: 

TABLE  NO.  29. 

Stream  Gaging  Stations. 


Location. 

Bridge. 

Bridge. 

Number  of  Measure- 
ments. 

Sharon,  

Shenanao  River,  

Sharon,  

Shenango  River,  

Greenville 

Little  Shenango 

Shenango 

Turnerville,  

Shenango 

North  Shenango 

Shenango,  

Pine,  

Shenango 

Pine,  

Padan  creek 

Padanararn  Swamp  Road  Bridge, 

1 
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For  the  purpose  of  keeping  a record  of  the  high  and  low  water  con- 
ditions along  tlie  river  and  throughout  the  swamp,  18  points  were 
selected  on  tlie  several  bridges  over  tlie  streams,  the  elevations  of 
which  were  referred  to  the  system  of  levels  previously  described.  The 
following  is  a list  showing  the  points  at  which  records  have  been 
taken  from  February,  1912,  to  date. 

TABLE  NO.  30. 

List  of  Gages  For  Observing  Periodical  Overflows. 


a> 


a 


stream. 


Looation. 


Description. 


1 

Shenaiigo,  

Shenango 

Shenango 

Linesville  creek, 

Sadshurv,  Blair  Load  Bridge,  

SadsbniTt  B.  & L.  E.  Trestle,  

18.37 

19.91 

Mark. 

Mark. 

3 

4 

North  Shenango,  Cordnrov  Load  Bridge,  

Linesville,  Erie  Street  Bridge,  

17.16 

17.23 

Mark. 

Mark. 

5 

TJnesville  creek, 

Linesville,  Bundays  Wier,  

17.15 

Staff  gage. 

b 

Linesville  creek, 

Linesville,  below  Bnndavs  Mill,  

17.00 

Wier. 

7 

Linesville  creek. 

Tanesville,  Bnllistown  Bridge,  

Linesville,  P.  It.  K.  Bridge  No.  17,  

16,50 

Mark. 

8 

Liiipsvillo  ciM.'ek, 

15.62 

Wier  and  mark. 

9 

10 

Shenango 

Padan  creek,  ... 

North  Slienango.  P.  B.  K.  Bridge  No.  18,  

Pine,  Finley’s  Bridge,  

15.18 

16.10 

Mark. 

Mark. 

11 

Padan  creek,  ... 

Pine,  Swamp  Load  Bridge 

North  Shenango,  Pollo<d\S  Bridge,  

13.03 

Mark. 

12 

13 

14 

Shenango,  

11.40 

9.69 

Staff  gage. 

Sbfnango 

North  Shenango,  Andover  Highway  Bridge 

8,30 

Mark. 

15 

Shenango 

North  Shenango,  Westford  Highway  Bridge,  .. 

4.15 

staff  gage. 

16 

Shenango 

North  Shenango,  2d  P.ridge  above  Turners 

2.61 

Mark. 

17 

18 

Shenango,  

North  Shenango,  1st  bridge  above  Turners 

1.93 

0.00 

Mark. 

gage. 
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Below  the  dam  site  thirty-one  points  were  selected  throughout  a 
distance  of  C5  miles,  from  the  Turnerville  Bridge  to  the  Rainey  Dam 
at  Mahoningtown,  all  of  which  were  separately  referred  to  the  United 
State  Geological  Survey  bench  marks  in  their  vicinity.  Information 
for  a study  of  flood  control  was  obtained  at  these  stations  at  times 
of  unusual  low  and  high  water;  and  the  points  at  which  the  observa- 
tions were  taken  are  shown  in  the  following  table: 

TABLE  NO.  31. 

Location  of  Points  for  High  and  Low  Water  Conditions. 


Stream. 


Miles  Below  Turnerville. 


Location  Mark. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 
33 


Shenango 

Shenango 

Shenango 

Shenango,  

Shenango,  

Shenango 

Shenango,  

I.ittle  Shenango, 

Shenango,  

Shenango,  

Shenango,  

Shenango 

Shenango,  

Shenango 

Shenango 

Shenango 

Shenango 

Shenango,  

Shenango,  

Shenango,  

Shenango,  

Shenango 

Shenango,  

Shenango 

Shenango,  

Shenango,  

Shenango,  .... 

Shenango 

Shenango 

Shenango 

Shenango,  


2.55 
2.b‘h 
3.40 
4.80 
7. SO 
9.05 
9.10 


11.57 

12. 57 
17.22 
17.27 


21.03 

24.82 

29.00 

29.90 

31.55 
33.80 
33.95 
3L&0 
37.62 

35.10 
38.1^ 

40.10 
41.18 
45.25 
50.85 

54.55 
62.60 
K>.15 


Jamestown  Dam,  

Jamestown  Highway  Bridge,  

P.  R.  K.  Bridge  No.  23,  

Highway  Bridge,  South  Jamestown,  

Greenville,  Porter  Bridge,  

Greenville,  Mathers  Dam 

Greenville,  Main  Street  Bridge,  

Greenville,  Quaker  Bridge,  

Shenango,  Wasser  Bridge,  

Hamburg,  Kidds  Mill  Bridge,  

Hamburg,  Hamburg  Dam 

Hamburg,  Highway  Bridge,  

Hamburg,  Frantz  Mill,  

Hamburg,  Big  Bend  Bridge,  

Fruits  Mill,  Highway  Bridge,  

Clarksville,  Highway  Bridge,  

Clarksville,  P.  R.  R.  Bridge,  

Sharpsville,  Slackwater  Bridge 

Sharpsville,  Canal  Ix>ck  and  Dam,  

Sharpsville,  Upper  Furnace  Bridge,  

Sharpsville,  Mercer  Street  Bridge,  

Sharon,  Mill  Street  Bridge,  

Sharon,  State  Street  Bridge,  

Sharon,  Chestnut  Street  Bridge,  

Farrell,  Carnegie  Bridge,  

Wheatland,  Wheatland  Bridge,  

West  Middlesex,  Highway  Bridge,  

Pulaski,  Highway  Bridge,  

Nashua,  Highway  Bridge 

New  Castle,  Washington  Bridge,  

Mahoningtown,  High.  Bridge  above  Rainey  Dam, 


Mark  on  abutment 
Mark  on  floor. 
Mark. 

Mark. 

Mark. 

Staff  gage. 

Chain  gage. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Top  coping. 

Mark. 

Mark. 

Mark, 

Mark. 

Staff  gage. 

Staff  gage. 

Mark. 

Mark. 

Mark. 

Mark. 

Tack. 

Mark. 


The  information  upon  which  the  foregoing  report  is  based,  has 
been  filed  in  the  office  of  the  Commission. 
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HYDROGRAPHIC  DATA 
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DELAWARE  BASIN 
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(4) 


GAGING  STATIONS  IN  DELAWARE  BASIN. 
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WEST  BRANCH  DELAWARE  RIVER. 


DESCRIPTION  OF  BASIN. 

This  stream  has  its  source  in  a small  lake  almost  on  the  line  of 
Selioharie  and  Delaware  counties,  New  York,  at  an  elevation  of  ap- 
proximately 1,900  feel  above  sea  level,  on  the  western  slope  of  the 
Catskill  mountains  and  drains  a total  of  OfiO  square  miles.  It  flows 
southwesterly  through  a hilly,  plateau  region,  well  poi)ulated  in  the 
main  valley,  and  the  hills  well  timbered,  to  Deposit,  about  5 miles 
above  the  State  Line,  where  it  turns  southeast  and  in  about  5 miles 
joins  the  East  Branch  at  Uancock,  New  York.  Aborrt  8 miles  above 
Deposit  at  Canuonsville  is  the  site  of  a large  .storage  reservoir  pro- 
posed by  the  State  Water  Supply  Commission  of  New  York  to  flood 
a long,  broad  vallejq  and  contain  approximately  7,000,000,000  cubic 
feet  available  storage. 

At  Hancock,  the  elevation  is  895  feet  above  sea  level,  and  the  rise 
from  there  to  Canuonsville,  10  miles  above,  is  at  the  rate  of  7 feet 
])er  mile,  while  above  this  point  the  slope  is  steeper.  In  the  upper 
section  there  are  numerous  lakes,  jmnds  and  swampy  areas,  the  ba.sin 
being  lelalively  long  and  narrow  with  nrrmerons  short,  lateral  tribu- 
taries. The  largest  tributary  is  Oquaga  creek,  which  comes  in  at  De- 
])osit  fiom  the  west.  The  mean  anniral  precipitation  over  this  water- 
shed is  aiqu'oximately  10  inches. 

The  dischaige  of  Ibis  stream  has  been  measured  since  October, 
1902,  at  Hancock,  N.  Y.,  near  its  mouth. 


DKLAAVARE  BASIN— STATION  NO.  1. 


WEST  BRANCH  DELAWARE  RIVER  AT  HANCOCK,  N.  Y. 


DESCRIPTION  OF  STATION. 

This  station  was  established  October  15,  1902,  by  the  United  States 
Ceological  Survey  for  the  United  States  Weather  Burearr.  It  is  lo- 
cated at  the  toll,  suspension  bridge  half  a mile  west  of  the  Erie  Rail- 
road station  at  Hancock,  N.  Y.,  and  about  one  mile  above  the  junction 
of  the  east  and  west  branches. 

The  channel  is  straight  for  400  feet  above  and  800  feet  below  the 
bridge.  The  current  is  srvift.  Both  banks  are  high  and  rocky,  and 
are  not  subject  to  overfloAV.  The  bed  of  the  stream  is  composed  of 
sand,  gravel  and  cobble-stones. 
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Discharge  measurements  are  made  from  the  downstream  side  of  the 
bridge,  on  which  the  gage  is  located.  The  bridge  has  a single  span 
of  235  feet.  The  initial  point  for  soundings  is  the  top  of  the  face  of 
the  left  abutment  on  the  downstream  side. 

The  original  wire  gage  Avas  attached  to  the  upstream  side  of  the 
bridge.  It  was  replaced  July  20,  1903,  by  a standard  chain  gage. 
The  location  and  the  gage  datum  were  not  changed.  The  length  of 
the  chain  from  the  end  of  the  weight  to  the  marker  is  29.39  feet.  Tlie 
gage  is  read  once  each  day  by  David  Pvilver,  the  collector  of  tolls  at 
the  bridge.  The  bench  mark  is  a circular  chisel  draft  on  the  up- 
stream corner  of  the  left  abutment.  Its  elevation  is  24.25  feet  above 
gage  datum.  The  elevation  of  the  top  of  the  pulley  is  30.54  feet  above 
gage  datum. 

The  high  Avater  stage  is  probably  affected  by  backwater  from  the 
East  Branch  of  the  Delaware  river.  The  Ioav  Avater  stage  is  con- 
trolled by  riffles  about  800  feet  below  the  station,  but  frequent  changes 
in  conditions  of  flow  require  many  measurements  and  new  ratings 
each  year.  During  the  winter  months  the  discharge  is  affected  con- 
siderably by  ice. 

This  station  has  been  operated  by  the  United  States  Weather 
Bureau,  in  conjunction  with  the  United  States  Geological  Survey  and 
the  New  York  State  Engineer  and  Surveyor. 

Since  the  establishment  of  this  station,  41  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  by  the  United  States  Geo- 
logical Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  M-EST  BRANCH  DELAWARE  RIVER, 

AT  HANCOCK,  N.  Y. 

(Drainage  area  GGO  square  miles.) 


No. 

Date. 

riydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Kemarlcs, 

38 

1912 

Feb.  23 

De  Golyer 

Feet. 

209 

Sq.  ft. 

1100 

Ft. 

per 

sec. 

1.52 

Feet. 

5.99 

Sec.  ft. 

1670 

Measurement  under  par* 

39 

July  27 

Weber 

72. 

54 

1.26 

2.58 

68 

tial  ice  cover. 
Wading  i mile  above 

40 

July  27 

Weber 

56 

78 

9.88 

2.58 

69 

.sage. 

Wading  i mile  above 

41 

Nov.  21 

Weber,  

217 

465 

1.44 

3.71 

658 

0.2  and  O.S  method. 

DISCHARGE  TABLE  FOR  WEST  BRANCH  DELAWARE  RIVER,  AT 

HANCOCK,  N.  Y.  FOR  1912. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

1 Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

2.40 

28 

.70 

652 

i 6.00 

2070 

.30 

4630 

.60 

8360 

.50 

60 

.80 

736 

.10 

2230 

.40 

4880 

.70 

8690 

.60 

76 

.90 

826 

! .20 

2400 

.50 

5130 

.80 

9020 

.70 

106 

4.00 

918 

.30 

2570 

.60 

5390 

.90 

9360 

.80 

143 

.10 

1010 

.40 

2750 

.70 

5660 

8.00 

9700 

.90 

182 

.20 

1110 

.50 

2930 

.80 

5930 

8.50 

11480 

3.00 

225 

.30 

1210 

.60 

3120 

.90 

6210 

9.00 

13300 

.10 

272 

.40 

1310 

.70 

3310 

7.00 

6500 

10.00 

17100 

.20 

324 

.50 

1420 

.80 

3510 

.10 

6790 

11.00 

21110 

.30 

380 

.60 

1530 

.90 

3720 

.20 

7090 

.40 

440 

.70 

1650 

6.00 

3940 

.30 

7400 

.50 

506 

.80 

1780 

.10 

4160 

.40 

7720 

.60 

576 

.90 

1920 

.20 

4390 

.50 

8040 

■N'ote.  This  table  is  onl.y  applicable  subsequent  to  .January  1,  1912  anil  is  based  on  7 dischar.ge 
measurements  made  during  191i)-ll-12.  and  coincides  with  the  1910-11  curve  above  gage  height  6.7 
feet. 


DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  WEST  BRANCH  DELAWARE  RIVER,  AT  HANCOCK, 
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Note,— January  7*Marcb  15,  inclusive,  river  frozen.  See  “Estimated  Monthly  Discharge”  for  estimate  during  this  iteriod. 
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ESTIMATED  MONTHI.Y  DISCHARGE  OF  WEST  BRANCH  DELAWARE 

RIVER,  AT  HANCOCK,  N.  Y. 

(Drainage  area  660  square  miles.) 


r 


MONTH. 

Discharge  in  Second-feet. 

Ruu-off. 

Maximum. 

1 

■ 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912 

?;9.9 

ITIOO 

April,  

10400 

918 

42W 

6.500 

7.25 

Ma.v 

1530 

440 

895 

1.360 

1.57 

June,  

576 

50 

270 

0.409 

0.46 

July 

142 

28 

59 

0.091 

0.10 

Auirust 

576 

50 

202 

0.306 

0.35 

September,  

1210 

182 

407 

0.617 

0.69 

October 

4G30 

182 

7S 

1.100 

1.27 

November 

6210 

440 

mo 

1.680 

1.87 

December,  

4390 

380 

1340 

2.030 

2.34 

The  year,  

1160 

1.760 

23.95 

Note.  Rivor  frozen  January  T-Mardi  inclusive.  Discharge  estimated  from  one  discharge 
measurement  under  partial  ice  cover,  .and  climatological  records. 


EAST  BRANCH  DELAWARE  RIVER. 


DESCRIPTION  OF  BASIN. 

This  .stream  rises  at  Grand  Gorge  in  northeast  DelaAvare  County, 
New  York,  on  the  Avestern  slope  of  the  Catskill  mountains,  at  an 
eleA’ation  of  1,500  feet  aboAT  sea  level,  ami  floAvs  soutliAvest  through 
a hilly,  plateau  region,  Avell  poimlated  in  the  main  valley  and  in 
those  of  some  of  the  largest  tributaries,  to  its  junction  Avith  the  West 
Branch  at  Hancock,  Ngav  York.  The  headAAmters  of  its  tributaries 
are  in  a wild,  uninhabited  region,  Avell  timbered,  the  highest  hills 
reaching  to  4,000  feet  aliove  sea  level.  Its  largest  tributary  is  Beaver 
Kill,  coming  in  about  20  miles  above  Hancock  on  AAdiich  stream  are 
many  lakes  and  ponds.  The  drainage  area  is  broader  and  tributaries 
longer  than  those  of  the  West  Branch. 

The  total  drainage  area  of  the  East  Branch  is  840  scpiare  miles, 
over  AA^hich  the  mean  annual  precipitation  is  approximately  40  inches. 

From  its  mouth  to  Maigaretville,  a distance  of  about  55  miles,  the 
slope  is  430  feet,  giving  an  average  slope  of  8 feet  per  mile. 

The  discharge  has  been  measured  at  Hancock,  New  York,  since 
October,  1902. 
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DELAWARE  BASIN— STATION  NO.  2. 


EAST  BRANCH  DELAWARE  RIVER  AT  HANCOCK, 

NEW  YORK. 


DESCRIPTION  OF  STATION. 

This  station  was  established  October  14,  1902,  by  the  United  States 
Geological  Survey  for  the  United  States  Weather  Bureau. 

It  is  located  at  the  highway  bridge  one  half  mile  southeast  of  the 
Erie  Railroad  station  at  Hancock,  N.  Y.,  and  one  mile  above  the 
junction  with  West  Branch  of  the  Delawaie.  Tlie  Erie  Railroad 
bridge  is  just  below  the  station. 

The  channel  is  straight  for  GOO  feet  above  and  300  feet  below  the’ 
station.  The  current  is  swift.  Both  banks  are  of  medium  height 
and  are  not  liable  to  overflow.  The  bed  of  the  stream  is  composed 
of  rocks  and  gravel.  There  are  three  channels  at  low  water  and  four 
channels  at  high  water.  During  low  water  the  elevation  of  the  water 
surface  at  the  station  is  lower  than  tlie  water  surface  on  West 
Branch  of  the  Delaware,  but  there  is  no  danger  of  the  gage  heights 
being  affected  by  backwater  from  the  West  Branch,  as  there  is  con- 
siderable fall  between  the  gaging  station  and  the  junction  of  tlie 
branches. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  five  span,  iron,  highway  bridge  to  which  the  gage  is  attached. 
The  bridge  has  a total  span  of  425.5  feet  between  abutments.  The 
initial  point  for  soundings  is  the  face  of  the  right  abutment  at  the 
top. 

A standard  chain  gage  is  attached  to  tbe  lower  choid  of  the  second 
span  from  the  left  end  of  the  bridge  on  the  upstream  side.  It  was 
installed  July  21,  1903,  to  replace  the  old  wire  gage.  The  gage  datum 
was  not  changed.  The  length  of  the  chain  from  the  end  of  the  weight 
to  marker  is  32.49  feet.  The  gage  is  lead  once  daily  by  D.  B.  Yan- 
Etteu.  The  bench  mark  is  a circular  chisel  draft  on  the  top  of  the 
left  abutment  on  the  downstream  side,  and  is  marked  "B.  M.”  Its 
elevation  is  27.93  feet  above  gage  datum.  The  elevation  of  the  top 
of  the  gage  pulley  is  32.40  feet  above  gage  datum. 

Conditions  for  accurate  ratings  can  imt  be  considered  good.  The 
high  water  stage  of  the  East  Branch  is  probably  affected  by  back- 
water due  to  gorging  at  its  junction  with  the  West  Branch.  Low 
water  discharge  is  controlled  by  a rift  just  below  the  Erie  Railroad 
bridge,  but  frequent  changes  in  conditions  of  flow  may  require  many 
measurements  and  new  ratings  each  year.  During  the  winter  months 
the  discharge  is  affected  by  needle  ice  jamming  on  these  rifts  causino- 
backwater  at  the  station. 
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This  station  has  been  o])erate(l  Iw  the  United  States  Weather  Bu- 
reau, ill  conjunction  wtih  the  United  States  Geological  Survey  and 
tlie  New  York  State  Engineer  and  Suiveyor. 

Since  the  estahlishnient  ot  this  station,  10  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  b}"  the  United  States  Geo- 
logical Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  tlie  Water  Supply  Commission. 


DISCriAKltE 


AIEASUUEMEXTS  <)E  EAST  BRANCH  UEl.AWARE  RIVER, 
AT  HANCOCK,  N.  Y. 


(l)ruinugc  urea  S-'iO  square  miles.) 


No. 

Hate. 

Hydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

1 

Remarks. 

Ft. 

1013 

Feet . 

Sq.  ft. 

per 

Feet. 

See.  ft. 

sec. 

37 

Feb.  22 

He  Golyer 

314 

763 

1.66 

5.14 

1270 

Ice  measurement. 

38 

July  27 

Weber,  

313 

32S 

0.70 

2.78 

228 

Watling  measurement. 

39 

Nov.  20 

Weber,  

283 

633 

1.68 

3.69 

1060 

0.2  anti  0.8  method. 

40 

Nov.  22 

Weber 

278 

587 

1.55 

3.58 

910 

0.2  and  0.8  method. 

DISCHARGE  TABI^E  FOR  EAST  BRANCH  DELAAVARE  RIVER,  AT 

HANCOCK,  N.  Y.  FOR  1912. 


Gage  height. 

1 

Discharge.  j 

Gage  height. 

Discharge. 

Gage  height. 

1 

1 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

2.40 

70 

.20 

1880 

6.00 

6070 

.80 

11800 

.60 

18300 

.50 

104 

.30 

2060 

.10 

6350 

.90 

12200 

.70 

18700 

.60 

144 

.40 

2250 

.20 

6640 

8.00 

12500 

.80 

19000 

.70 

190 

.50 

2440 

.30 

6930 

.10 

12SOO 

.90 

19100 

.80 

240 

.60 

2640 

.40 

7230 

.30 

13300 

10.00 

19800 

.90 

300 

.70 

2S50 

.50 

7540 

.30 

13600 

.10 

20200 

3.00 

370 

.80 

3070 

.GO 

7850 

.40 

13900 

.20 

20600 

.10 

440 

.90 

3290 

.70 

8170 

.50 

14200 

.30 

20900 

.30 

520 

5.00 

3520 

.80 

8490 

.60 

14600 

.40 

21300 

.30 

610 

.10 

3750 

.90 

8810 

.70 

15000 

.50 

21700 

.40 

710 

.20 

3990 

7.00 

9140 

.80 

15300 

.60 

22100 

.50 

820 

.30 

4230 

.10 

9470 

.90 

15700 

.70 

22500 

.60 

940 

.40 

4480 

.20 

9800 

9.00 

16000 

.80 

22900 

.70 

1070 

.50 

4730 

.30 

10100 

.10 

16400 

.90 

23300 

.80 

1220 

.60 

4990 

.40 

10600 

.30 

16800 

11.00 

23700 

.90 

1380 

.70 

5250 

.50 

10800 

.30 

17200 

4.00 

1540 

.80 

5520 

.60 

11100 

.40 

17.500 

.10 

1710 

.90 

5790 

.70 

11.500 

.50 

17900 

Note.  This  table  is  only  applicable  subsequent  to  January  1,  1912,  and  is  based  on  7 discharge 
measurements  made  during  1910-11-12,  and  is  parallel  to  the  curve  used  for  1910-11. 
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Note.  January  9-March  15,  inclusive,  river  frozen.  See  ‘•Estimated  Monthly  discharge”  for  estimate  during  this  period. 


14 


ESTIMATED  MONTHLY  DISCHARGE  OF  EAST  BRANCH  DELAWARE 

RIVER,  AT  HANCOCK,  N.  Y. 

(Drainage  area  SJ/O  square  miles.) 


Discharge  in  Second-feet. 


Run*off. 


MONTH. 


1912. 

January 

February,  

March,  

April,  

May,  

June 

July 

August,  

September,  

October,  

November,  

December 

The  year 


Maximum, 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

1240 

1010 

23390 

4660 

5.550 

19800 

2440 

6480 

7.710 

37oU 

820 

1990 

2.370 

940 

190 

517 

0.615 

820 

144 

288 

0.343 

2350 

104 

714 

0.850 

1220 

370 

620 

0.738 

0350 

SO'O 

1150 

1.370 

5790 

820 

1660 

1.980 

8170 

820 

2490 

2.960 

1900 

2.260 

Depth  in 
inches. 


1.71 

1. 

6. 

8. 

2.73 

0.60 

0.40 

0.98 

0.82 

1.58 

2.21 

3.41 


30.82 


Note.  River  frozen  January  9-March  15,  inclusive.  Discharge  estimated  from  one  discharge 
measurement  under  ice  cover,  and  climatological  records. 


LACKAWAXEN  RIVER. 


DESCRIPTION  OP  BASIN. 

LackaAvaxen  river,  the  tliird  largest  tributary  of  the  Delaware 
river  in  Pennsylvania,  drains  approximately  GOO  square  miles  in 
Pike  and  Wayne  connties.  Rising  in  a lake  in  the  northwestern 
part  of  Wayne  county,  it  follows  a southeasterly  course  through  a 
well  populated  agricultural  region  to  Ilawley,  approximately  13 
miles  above  its  mouth,  at  which  point  it  is  joined  by  its  largest 
tributary,  Wallenpaupack  creek;  thence  follovrung  an  easterly  direc- 
tion through  a narrow,  ])recij)itous  valley,  covered  with  second  growth 
timl)er,  and  sparsely  inhabited,  to  its  month  at  Lackawaxen,  Pike 
county,  the  total  length  being  approximately  50  miles.  Its  source 
is  at  an  elevation  of  about  1,950  feet  above  sea  level,  and  its  mouth 
about  GOO  feet.  The  principal  tribntaries  are  Dyberry,  Middle  and 
Wallenpaupack  creeks,  the  watershed  including  a great  number  of 
lakes  and  ponds,  and  above  Hawley  it  is  wide  and  spreads  out  along 
its  several  large  tributaries,  converging  at  this  point.  The  stream 
lies  entirely  within  the  glacial  area,  the  slope  being  steep  and  the 
flow  rapid  for  most  of  its  course.  The  valley  in  its  upper  section 
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is  wide,  gradually  narrowing  as  the  stream  leaves  the  plateau,  and 
flowing  through  a gorge  in  the  mountains  to  the  Delaware  river.  In 
its  drainage  basin  lie  the  principal  boroughs  and  villages  of  the 
county,  several  of  which  obtain  water  supplies  from  the  tributaries 
and  lakes  in  its  watershed.  The  stream  is  rrsed  to  a small  extent 
for  power  purposes,  while  some  sites  are  as  yet  undeveloped.  The 
average  yearly  rainfall  over  this  watershed  is  from  40  to  45  inches. 
The  flow  of  this  stream  has  been  measured  since  July  2,  1908,  at 
Hawley,  approximately  13  miles  above  tbe  rnoutb. 


DEF.AWARE  BASIN— STATION  NO.  3. 


LACKAWAXEN  RIVER  AT  HAWLEY. 


DESCRIPTION  OF  STATION. 

This  station  was  established  July  2,  1908,  by  the  Water  Supply 
Commission  of  Pennsylvania,  on  a single  span,  through  truss,  high- 
way bridge,  about  2,000  feet  above  the  mouth  of  Wallenpau])ack 
creek.  A standard  chain  gage  is  fastened  to  the  upstream  handrail 
of  the  bridge.  The  length  of  chain  from  center  of  idvet  to  bottom 
of  weight  is  23.42  feet,  the  elevation  of  zero  being  arbitrary  datrrm.  A 
bench  mark  is  located  on  a spike  2 feet  in  from  face  of  right  al)ut- 
ment,  upstream  side,  and  3 feet  up  from  ground,  rod  held  close  to 
abutment,  elevation  being  7.03  feet  al)ove  zero  of  gage. 

Discharge  measurements  are  made  from  the  rrpstream  side  of  tlie 
bridge,  and  by  wading  at  low  stages.  Tbe  initial  point  for  sound- 
ings is  the  outer  edge  of  upstream  iron  handrail  ]»ost,  riglit  bank. 
The  channel  is  straight  for  about  150  feet  above  and  below  the  sta- 
tion. The  left  bank  is  higb  and  not  subject  to  overflow,  while  the 
right  bank  overflows  during  extreme  high  stages.  Tlie  bed  is  per- 
manent, being  composed  of  rock  and  gravel.  Tnterniitteut  storage 
upstream  at  Honesdale  affects  the  flow  during  low  stages.  The  gage 
is  read  twice  daily  by  J.  S.  Pennell. 

Since  the  establishment  of  the  gage,  eleven  discharge  measure- 
ments have  been  made.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  LACKA WAXEN  RIVER,  AT  HAWLEY, 

WAYNE  COUNTY,  PA. 


(Drainage  area  290  square  tnilcs.) 


No  Date. 

Hydrograiiher. 

Area  of  section. 

1 Mean  velocity. 

(Jage  height. 

Discharge. 

Remarks. 

1 

Feet . 

Sq.  ft. 

per 

Feet . 

Sec.  ft. 

1 1913 

Ft. 

sec. 

11  1 Marc'll  19 

Reckon!  & Kniglit,... 

11? 

372 

1.93 

3.93 

71C 

0.6  nieasureinent. 

DISCHARGE  TABLE  FOR  LACKAWAXEN  RIVER,  AT  HAWLEY, 
WAYNE  COUNTY,  FRO.M  JAN.  1st,  1912. 


1 

Gage  heiglit. 

Discharge. 

Gage  height.  | 

6 

1 

1 

w 

s 

a 

O' 

fcc 

rt 

'O 

Discharge.  ; 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

i 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

0.00 

26 

.50 

3.00 

678 

.50 

1410 

6.00 

2288 

.10 

32 

.60 

244 

.10 

720 

.60 

1464 

.10 

2362 

.20 

3S 

.70 

266 

.20 

764 

.70 

1520 

.20 

2416 

.30 

46 

.SO 

290 

.30 

808 

.80 

1576 

.30 

2482 

.40 

54 

.90 

314 

.40 

854 

.90 

1632 

.40 

2548 

.50 

Cl 

2.00 

340 

.50 

902 

5.00 

1690 

.50 

2616 

.60 

74 

.10 

368 

.60 

950 

.10 

17-18 

.60 

2684 

.70 

86 

.20 

396 

.70 

998 

.20 

1806 

.70 

2754 

.80 

100 

.30 

426 

.80 

1048 

.30 

1S64 

.80 

2824 

.90 

114 

.40 

458 

.90 

1098 

.40 

1922 

.90 

2894 

1.00 

12S 

.50 

490 

4.00 

1148 

.50 

1982 

7.00 

2966 

.10 

144 

.60 

524 

.10 

1198 

.60 

2042 

.20 

162 

.70 

560 

.20 

1250 

.70 

2102 

.30 

182 

.80 

598 

.30 

1302 

.80 

2164 

.40 

202 

.90 

638 

.40 

1356 

.90 

2226 

Note: — This  table  Is  only  aiiplicable  subsequent  to  January  1,  1912,  and  is  based  on  two  dis- 
charge measurements  made  during  1912  together  with  former  curve. 
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ESTIMATED  MONTHI.Y  DISCHARGE  OF  LACKAWAXEN  RIVER  AT 

HAWLEY,  WAYNE  COUNTY. 


(Drainage  area  290  square  miles.) 


MONTH. 

Discharge  in  Sccoud-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

Jnniiarv  

277 

March 

f36CK) 

11fi4 

April 

fSTSO 

553 

IISO 

4.069 

4.510 

May 

1340 

21S 

641 

2.210 

2.548 

June 

304 

56 

132 

0.455 

0.508 

Julv 

72 

36 

■ *> 

0.179 

0.207 

August 

190 

29 

64 

0.221 

0.5K 

September 

1420 

50 

266 

0.917 

1.023 

Octol>er ■ 

2260 

69 

358 

1.234 

1.423 

November 

761 

194 

301 

1.038 

1.15S 

December,  

1490 

214 

566 

1.952 

2.250 

The  year,  

441 

1.520 

20.720 

Note:  f Eytiinatcd. 

From  .laniiary  Ttli  to  March  llith  inclusive  no  8'aa:e  hei,?lits  were  observed  and  discharge  for 
these  dates  was  estimated  from  Delaware  River  at  Port  Jervis  and  Lackawanna  River  at 
Scranton. 


WALLENPAUPACK  CREEK. 


DESCRIPTION  OP  BASIN. 

Walleiipaiipack  creek,  the  largest  and  most  important  tributary 
of  the  Lackawaxen  river,  rises  in  the  Pocono  Plateau  in  the  northern 
part  ot  Monroe  county,  and  flows  in  a general  northeasterly  direc- 
tion forming  the  boundary  between  Pike  and  Wajuie  counties,  for 
approximately  .30  miles,  to  its  mouth  at  Hawley,  tlie  total  drainage 
area  being  240  square  miles,  comprising  40  per  cent,  of  the  drainage 
area  of  the  I.iackawaxen  river. 

Its  many  tributaries  quite  generally  rise  in  glacial  lakes  or 
swamps,  and,  falling  rapidly,  join  tlie  main  stream,  whose  slope  is 
very  Hat  for  many  miles  to  within  a mile  of  its  mouth.  Its  source 
is  at  an  ap})roximate  elevation  of  2,100  feet,  and  for  17  miles  the 
slojre  is  very  rapid,  averaging  .50  feet  j.-er  mile  to  Ledgedale,  13  miles 
above  the  mouth.  From  Wilsonville,  one  mile  above  the  mouth,  it 
descends  285  feet  to  the  Lackawaxen  river  over  a series  of  falls  and 
rapids,  while  above  that  point  the  fall  is  less  than  10  feet  in  12 
miles,  thus  affording  a fortunate  combination  for  water  storage  and 
the  generation  of  water  j)ower. 

The  valley  below  Ledgedale  is  wide  and  swampy,  while  the  rolling 
hillsides  are  quite  largely  under  cultivation.  Along  some  of  the 
tributaries,  and  in  the  main  valley,  is  a certain  amount  of  timber. 
The  watershed  is  comparatively  narrow  for  some  15  miles  above 
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its  month,  widening  out  above  to  follow  its  numerous  upper  tribu- 
taries ill  Wayne,  Pike  and  Monroe  counties.  The  drainage  area  is 
sparsely  inhabited  and  contains  practically  no  settlements. 

The  creek  and  its  tributaries  are  not  used  for  water  supply  pur- 
poses, and  to  a limited  extent  for  water  power  below  Wilsonville. 

The  average  yearly  rainfall  over  the  watershed  is  approximately 
43  inches. 

The  flow  has  been  measured  since  July  3,  1908,  at  Wilsonville,  one 
mile  above  the  mouth. 


DELAWARE  BASIN— STATION  NO.  4. 


WALLENPAUPACK  CREEK  AT  WILSONVILLE. 


DESCRIPTION  OF  STATION, 

This  station  was  established  by  the  Water  vSiipply  Commission  of 
Pennsylvania,  July  3rd,  1908,  on  a two  span,  steel,  through  truss, 
highway  bridge  at  Wilsonville,  about  one  mile  above  the  mouth,  but 
gage  readings  were  not  commenced  until  June  1,  1909.  A 12-foot 
staff  gage  is  bolted  to  the  downstream  face  of  the  center  pier,  the 
zero  of  the  gage  being  arbitiaiy  datum.  Bench  mark  No.  1 is  on  a 
small  projection  on  right  abutment,  downstream  corner,  5.2  ft.  down 
from  bridge  seat,  the  elevation  being  3.923  feet  above  zero  of  gage. 
Bench  mark  No.  2 is  highest  point  on  round  stone  3.3  feet  from  tele- 
graph pole  and  9.0  feet  from  downstream  corner  of  right  abutment; 
elevation  G.IG  feet  above  zero  of  gage. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  and  by  wading  at  low  stages.  The  initial  point  for  sound- 
ings is  top  edge  of  bridge  seat,  left  abutment,  downstream  side. 
The  channel  both  above  and  below  the  station  is  straight.  The  right 
bank  overflows  for  a space  several  hundred  feet  wide  at  high  stages, 
but  the  left  bank  does  not  overflow.  Tlie  bed  is  solid  rock  and  per- 
manent. The  gage  is  read  twice  daily  Iw  Mrs.  George  Heickelbeck, 
except  for  the  period  of  the  year  when  flashboards  are  placed  on 
the  dam. 

During  low  water,  gage  readings  have  to  be  discontinued  on  ac- 
count of  storage  of  water  during  the  night  by  placing  flashboards 
on  a low  dam  G5  feet  downstream  from  the  gage.  Changes  in  this  dam 
have  affected  the  gage  heights  from  time  to  time,  causing  some  un- 
certainty as  to  their  accuracy. 
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Since  the  establishment  of  this  station,  ten  discharge  measnie- 
inents  have  been  made,  fonr  ot  which  were  taken  with  the  Hash- 
hoards  on  the  dam.  Owing  to  an  insuflicient  number  of  discharge 
measurements,  no  rating  curve  has  yet  been  determined,  and 
flierefore,  only  the  discharge  measui-ements  and  gage  heights  are 
puhlislied.  The  data  prior  to  l!tl2  will  be  found  in  the  1910-11  Re- 
port of  the  Water  Supply  Commission. 


DISCHARGE  HEASURE-MENTS  OF  WALLENPAUPACK  CREEK,  AT 
Wir.SONVILLE,  WAYNE  COUNTY,  PENNA. 

(Draindgo  area  2’i0  square  miles.) 


No. 

Date. 

Ilydrographer. 

Area  of  section. 

r 1 

1 Mean  velocity.  | 

j Gage  height. 

Discharge. 

Remarks. 

li)12 

Feet. 

S(i.  ft. 

Ft. 

per 

sec. 

Feet. 

Sec.  ft. 

10 

July  1 

Lanirenlieim 

11-1 

3.3.S 

0.3? 

3.31 

, lit 

1 

Surface  measurement 
Masli  boards  on  dam. 

DAILY  MEAN  GAGE  HEIGHTS,  IN  FEET,  OF  WALLENPAUPACK  CREEK,  AT  WILSONVILLE,  WAYNE  COUNTY,  PA. 


21 


K 

ggJJSS 

gggss 

g 

,-H  r-I  C<i  N M 

(Cq  cq  (M  CO  cq 

rH  rH  rH  rH  tH 

rH  rH  rH  rH  Cl 

CO  CO  rH  rH  rH 

rH  rH  rH  tH  rH  Cl 

Q 

d 

gSg!2gg 

ssssg 

sss?3?i 

stsss^ 

a 

1— 1 1— ( 1— 1 1-^  1— 1 

rH  rH  tH  rH  rH 

rH  tH  tH  rH  tH 

rH  rH  rH  rH  rH 

rH  iH  rH  rH  rH 

o 

IZ 

d 

assss 

Sgggg 

tfS  lO  O O 

gggs^g 

SSggSg 

a 

iH  rH  iH  jH  r-H 

rHr^rHrHrH 

rH  rH  rH  rH  tH 

rHrHrHCOCO 

CC  CO  Cl  CO  Cl  C"l 

o 

ggsgs 

a 

CO  CO  CO  C4  CO 

K 

j/: 

C 

ti 

z 

a 

sssss 

gsggg 

gggg'i: 

Lrt  * O O O 
1--  C-  L'»  tH  IH 

ggggg 

gggg 

g 

d 

a 

gSi?3g§g 

gfsgsg 

ggasg 

g'^iSgJ^S 

cl  ,H  1H  .-H 

^ tH  CJ 

rH  iH  rH  tH  rH 

r-|  rH  rH  rH  iH 

rH  rH  rH  rH  rH 

^ ,H  rH  T-i  rH  rH 

< 

S 

o 

a 

ggggs 

SSSSIg 

SgPgS 

sggess 

gggSi2 

d 

cq  cq  (M  M c^l 

CO  (M  Cm  CM  CO 

CO  rH  rH  rH  rH 

rH  rH  rH  tH  Cl 

CO  CO  rH  rH  rH 

rH  tH  rH  rH  rH 

M 

d 

< 

s 

sssss 

i5SS13S 

ssssgg 

gsgts?^ 

sasgg 

gssgagg 

5 

a 

rH  rH  rH 

T— 1 tH  rH  I— 1 rH 

tH  rH  rH  CO  c-l 

CO  CO  CO  CM  CO 

Cl  CO  CO  rH  rH 

rH  rH  rH  CI  CO  CO 

pi 

d 

s 

a 

gggStS 

LO  O O O O 
I"—  L"  t"- 

SSiSiSS 

gggss 

gSJgS  : 

p: 

rH  rH  rH  tH  rH 

lH  rH  tH  rH 

K 

d 

a 

ssgss 

ssggg 

ggggy 

sagg?i 

sasggs 

rH  I— 1 r-t  *— 1 1— ( 

rH  rH  rH  rH  iH 

rH  rH  W rH 

rH 

rH  rH  tH  rH  tH 

rH  rH  rH 

- 

d 

i 


-< 

a 


r « -r 


c.-.-cca:o  ^ ;o 


ssssa 


Flash  hoanls  placed  on  dam.  No  readings  taken  Juno  30  to  Sept.  24  inclusive. 
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SHOHOLA  CREEK. 


DESCRIPTION  OF  BASIN. 

Slicliola  creek,  a tribiitaiy  ot'  the  Delaware  river,  aud  one  of  th( 
largest  joining  that  stream  in  Pike  county,  drains  about  90  squari 
miles  of  mountainous,  forested  and  practically  uninhabited  territory 
in  the  northern  portion  of  that  comity.  It  rises  on  the  eastern  slopi 
of  the  Pocono  mountains  at  an  elevation  of  apjuoxiniately  1,800  feei 
above  sea  level,  in  many  lakes  and  ponds,  abutting  the  watershedf 
of  Bushkill,  Wallenpanpack  and  Eaymondskill  creeks,  and  flows 
lirst  in  a general  easterly  direction  through  a glaciated  country,  witi 
comparatively  steep  slopes,  alternating  with  occasional  swampy 
areas.  About  12  miles  above  its  mouth  the  stream  turns  to  the  north 
cast  and  enters  a broad,  Hat,  ancient  lake  bed,  some  five  miles  long 
the  maximnm  width  being  over  one  mile,  lying  at  an  elevation  ot 
approximately  1,150  feet  above  sea  level.  The  current  in  this  sectior 
of  the  stream  is  very  sluggish  and  the  valley  flat  and  swampy.  At 
the  outlet  of  this  swamp  a low  earth  dam  has  been  erected  10  oi 
15  feet  high,  which  forms  an  extensive  lake  in  the  lower  portion  oi 
the  swamp,  and  is  used  for  tloating  logs.  Immediately  below  tht 
outlet  of  the  swamp  the  stream  falls  over  a hard  sandstone  ledge 
descending  in  an  abrupt  fall  about  75  feet,  and  continuing  for  aboul 
0 ndles  to  its  month  through  a steep  and  narrow  valley,  falling  ir 
this  distance  about  GOO  feet  from  the  head  of  the  falls  to  the  Dela 
ware  river.  For  the  most  part  this  valley  is  wild  and  gorgeliki 
and  miinhabited,  bnt  near  the  mouth,  are  a few  farms,  where  th( 
valley  widens,  and  at  the  mouth  up  on  the  river  bluffs  is  the  towr 
and  railroad  station  of  Shohola. 

The  main  tributaries  are  Rattlesnake  Brook,  coming  in  about  twc 
miles  above  the  falls  from  the  south,  and  draining  about  13  squart 
miles,  and  Greeley  creek,  coming  in  about  two  miles  below  the  falh 
from  the  north,  and  draining  about  15  square  miles.  The  entire 
stream  is  at  present  unused,  except  for  logging.  The  numerous  lakes 
on  the  water  sheet,  together  with  many  springs  which  feed  it,  con 
tribute  to  make  a considerable  tlow  throughout  the  dry  seasons. 

The  average  yearly  rainfall  over  this  watershed  is  approximately 
43  inches. 

The  flow  has  been  measured  since  September  22,  1911,  at  Lords 
\hilley,  15  miles  above  the  niontli,  at  which  point  the  tributary  drain 
age  area  is  approximately  32  square  miles. 


r. 


<4aging  Statimi  <iii  Slioluila  (’reek  at  Lords  Valley,  I*ike  County. 


23 


DELAWARE  1?ASIN— STATION  NO.  5. 


SHOHOLA  CREEK  AT  LORDS  VALLEY. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Watei'  Supply  Cominissiou  of 
Pemisylvaiiia,  on  September  22nd,  1911,  on  a single  si)an,  iron  high- 
way bridge.  A standard  chain  gage  is  fastened  to  the  upstream 
guard  rail  of  the  bridge.  The  length  of  chain  is  13.00  feet  from  the 
bottom  of  weight  to  center  of  rivet,  the  elevation  of  zeio  being  arbi- 
trary datum.  13.  M.  No.  1 is  top  stone  of  upstream  corner  of  left 
abutment  cut  out  with  cross  and  B.  M.  cut  in  stone  on  top;  elevation 
9.90  feet  above  gage  datum. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  or  by  wading,  the  initial  point  for  soundings  being  the 
left  end  of  downstream  handrail.  The  channel  both  above  and  below 
the  bridge  is  straight,  but  passes  under  it  at  a slight  angle,  with 
rock  and  gravel  bottom,  the  right  bank  being  high  and  not  subject 
to  overflow,  while  the  left  bank  is  only  subject  to  overflow  at  ex- 
tremely high  stages.  The  gage  is  read  twice  daily  by  Oswald  Veunie. 

Since  the  establishment  of  the  gage  3 discharge  measurements 
have  been  made.  Therefore,  no  rating  curve  has  been  determined, 
and  oirly  the  discharge  measurements  and  gage  heights  are  published. 

The  data  prior  to  1912  will  be  found  in  the  1910-1-1  Ke]H)rt  of  lhe 
Water  Srrpply  Commission. 


DISCHARGE  MEASUREMENTS  OF  SHOHOLA  CREEK  AT  LflRDS 

VALLEY,  PIKE  COUNTY,  PA. 

(Druinagc  area  32  s<iuure  miles.) 


No. 

Date. 

flydrographer. 

'2 

i' 

1 Area  of  section. 

L 

' 

Meau  velocity.  , 

■z 

o 

bfj 

cz 

O 

11 

Discharge.  j 

Kcmarks. 

i 

1012 

Feet. 

Sq.  ft. 

Ft. 

per 

sec. 

Feet. 

Sec.  ft. 

June  5 

Gannett,  

19 

19 

l.SO 

-l.!3 

33.9 

WadLig  measurement 

3 

July  1 

Langenbeim,  

20 

13 

0.77 

4.45 

11.6 

IVnd.ng  measure’ '.lent 
75  feet  below  bridge. 

r>AII.Y  :mean  gage  heights  of  shohola  creek,  at  lords  valley,  pike  county,  penna. 
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RATTLESNAKE  BROOK. 


DESCRIPTION  OF  BASIN. 

Rattlesnake  Brook  is  one  of  the  largest  tributaries  of  Shohola 
creek,  joining  that  stream  about  two  miles  above  the  falls,  and 
about  8 miles  above  its  mouth,  coming  in  from  the  south  and  drain- 
ing a wild  and  uninhabited  area  of  about  13  square  miles.  The  val- 
ley of  this  stream  is  flat  and  swampy  for  three  or  four  miles  above 
its  mouth,  then  rises  abruptly  to  its  sources,  which  are  at  an  eleva- 
tion of  about  1,000  feet  above  sea  level,  where  it  meets  the  head- 
waters of  the  Bushkill  and  Raymondskill  creeks  and  flows  in  a gen- 
eral northerly  direction  to  its  mouth.  The  stream  is  approximately 
8 miles  long. 

The  average  yearly  rainfall  over  this  watershed  in  from  40  to  45 
inches. 

The  flow  has  been  measured  since  September  22,  1911,  at  the  cross- 
ing of  the  Spring  Brook  road  about  two  miles  above  the  mouth 
of  the  stream. 


DELAWARE  BASIN— STATION  NO.  6. 


RATTLESNAKE  BROOK  AT  SPRING  BROOK. 


DESCRIPITON  OF  STATION. 

This  station  was  established  by  the  Water  Su])]dv  Coimnission  of 
Pennsylvania,  September  22nd,  1911,  at  a single  s]tan,  open  wooden 
bridge,  two  miles  above  the  mouth  of  Rattlesnake  brook  on  the 
Spring  Brook  Road.  A five-foot  staff  gage  is  fastened  to  the  up- 
stream side  of  the  logs  forming  the  riglit  abutment,  and  the  eleva- 
tion of  zero  of  the  gage  is  zero  of  an  arbitrary  datum.  B.  M.  No.  1 
is  on  nail  in  root  at  base  of  swamp  maple,  2 feet  in  diameter,  18 
paces  from  center  of  bridge  on  right  bank  ; nail  in  root  facing  road 
and  nearest  bridge,  tree  burned  on  side  nearest  road,  also  rotted 
on  same  side;  elevation  4.05  feet  above  gage  datum. 

Discharge  measurements  are  taken  from  the  upstream  side  of  the 
bridge,  and  by  wading,  while  the  initial  point  for  soundings  is  the 
face  of  the  logs  forming  the  left  abutment.  The  channel  is  straight 
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for  ;!()  feet  above,  and  SO  feet  below  the  station.  Both  banks  are 
liig'li  and  not  sidgecd  to  overflow,  and  tlie  bed  consists  of  gravel  and 
innd.  The  gage  is  read  twice  daily  by  August  Tampier. 

Since  the  establishment  of  the  gage  four  dischaige  measurements 
have  lieen  made.  Therefore,  no  rating  curve  has  been  determined, 
and  only  the  dischaige  measuienients  and  gage  heights  are  published. 
The  data  i»rior  to  1912  will  be  found  in  the  1910-11  lieport  of  the 
IVater  Su})ply  Commission. 


DISCIIAK'tt]  r.IEASUREMENTS  OF  RATTLESNAKE  P.ROOK  AT  SPRING 

BROOK,  PIKE  COUNTY,  PA. 

(Drainage  urea,  11  square  miles.) 


Xo.  Dato. 

ilydrograpber. 

Width. 

Area  of  section. 

1 

, 1 

Mean  velocity.  | 

Gage  height.  i 

ai 

bo 

2 

V) 

Remarks. 

Ft. 

Feet . 

Sq.  ft. 

per 

Feet. 

Sec.  ft. 

sec. 

I9i:2 

L’  Tune  o 

Gannett 

IG 

33 

0.42 

1.55 

15.1 

Measurement  from 

bridge. 

3 ’ July  1 

r.aiigenheira 

13 

12 

0.29 

1.0] 

3.5 

Wading  measurement, 

100  feet  above  bridge. 

]!':3 

Intergration  method. 

Fob.  20 

F.ooliringer  & Knight, 

16 

34 

0.27 

1.40 

9.2 

0.6  measurement. 

DAILY  MEAN  GAGE  HEIGHTS  OF  RATTLESNAKE  BROOK,  AT  SPRING  BROOK,  PIKE  COUNTY,  PENNA. 
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DELAWARE  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Delaware  liver  rises  at  an  elevation  of  about  1,900  feet  above 
sea  level,  in  two  branches,  in  the  Catskill  mountains  of  eastern  New 
York,  llowing  soutliwesterly  and  uniting  at  Hancock  on  the  New 
York-l'enusylvania  lioundary,  at  an  elevation  of  895  feet.  From  this 
point -a  geneial  southerH  course  is  followed  to  the  mouth  in  Dela- 
ware Bay.  tlie  river  forming  the  eastern  boundary  of  Pennsylvania, 
and  dividing  it  from  New  York  for  GO  miles  and  from  New  Jersey 
for  170  miles. 

Tlie  total  length  of  the  river  is  approximately  410  miles,  aird  its 
ilrainage  area  aliove  the  I'ennsylvania-Delaware  line  is  10,900  square 
miles.  The  major  tributaries  are  the  Lackawaxen,  Lehigh  and 
Schuylkill  rivers,  and  numerous  large  creeks  from  Penirsylvauia ; 
Neversink  river  from  New  York,  and  Flat  Brook,  Paulins  Kill,  Pe- 
quest,  Lepatcong,  Pohatcong  and  Muscenetong  rivers  from  New  Jer- 
sey. 

Its  uj»per  section  is  in  a mountainous,  sparsely  inhabited  and  well 
timbered  region,  continuing  thiough  northern  Pennsylvania  and  New 
Jersey.  After  cutting  through  the  Kittatinny  ridge  at  Delaware 
Water  (laii  it  emerges  into  the  broader  valley  below,  wdiere  the  popu- 
lation becomes  more  dense,  the  land  is  largely  cultivated  and  the 
timber  less  general. 

A))ove  Trenton,  the  head  of  tidewater,  30  miles  above  Philadelphia, 
the  stream  is  generallv^  SAvift  and  shalloAV,  flowing  on  a rocky  bed 
Avith  numerous  riffles  and  several  consideral)le  rapids.  The  slope 
from  the  northern  boumlary  of  NeAV  Jersey  to  Trenton  is  3.5  feet 
per  mile,  and  above  this  i»oint  to  the  Pennsylvania-NeAv  York  line 
it  averages  G feet  per  mile.  The  upper  section  is  in  the  once  glaciated 
region  and  the  tributaries  drain  numerous  lakes,  ponds  and  swamps 
throughout  NeAv  York,  u])per  Pennsylvania  and  New  Jersey. 

The  stream  is  used  coiisiderabh^  in  its  lower  section  for  domestic 
and  industiial  supply  in  Ncav  Jersey  and  Pennsylvania,  but  the 
Avater  pOAver  op]>ortunities  of  the  upper  DelaAvare,  although  consid- 
erable, are  undeveloped. 

In  PenmsAdvania  the  cities  of  Philadelphia,  Easton,  and  Chester 
lie  on  the  river  banks,  AAdiile  on  tributaries  are  South  Bethlehem, 
AllentoAvn,  Norristown,  Pottstown,  Reading,  Pottsville  and  many 
smaller  communities. 

A portion  of  the  anthracite  coal  region  lies  at  the  headwaters  of 
the  Schuylkill  and  Lehigh  rivers,  and  a large  limestone  area  is 
drained  by  the  loAver  tributaries  of  these  streams. 


The  Delaware  bas^in  in  I'ennsTlvania  is  subject  to  au  average  an- 
nual precipitation  of  40.1  inches,  the  upper  part  receiving  35  to  40 
inches,  and  the  major  portion  lying  within  the  45  to  50  inch  zone. 
The  area  of  highest  precipitation  in  the  State,  50  to  55  inches,  lies 
at  the  headwaters  of  the  Schrrylkill  river. 

The  flow  is  measured  at  Eieglesville,  N.  J.,  and  Port  Jervis,  N. 
Y.,  the  former  since  Jirly  3,  1900,  and  the  latter  since  October  12, 
1904.  A station  was  operated  at  Lambertville,  A.  J.,  from  Jrrly  22, 
1897,  to  April  1,  1908. 


DELAWARE  BASIN— STATION  NO.  7. 


DELAWARE  RIVER  AT  PORT  JERVIS,  NEW  YORK. 


DESCRIPTION  OF  STATION. 

This  station  was  established  Iw  the  United  States  Weather  Bureau, 
October  12,  1904,  on  the  two  span,  steel,  through  truss,  toll,  high- 
way bridge  between  Port  Jervis,  New  York  and  Matanioras,  Penn- 
sylvania. A standard  chain  gage  is  fastened  to  the  railing  on  the 
right  span,  downstream  side,  near  the  pier.  The  length  of  chain 
from  center  of  rivet  to  bottom  of  weight  is  3o..52  feet,  and  the  eleva- 
tion of  zero  of  gage  above  mean  sea  level  is  414.89  feet.  There  are 
three  bench  marks,  as  follows:  B.  M.  No.  1 is  a cross  on  door-sill  of 
school  house  on  Thompson  street,  near  Water  street,  I’ort  Jervis,  at 
elevation  of  27.75  feet  above  zero  of  gage  ; B.  M.  No.  2 is  top  of  down- 
stream left  corner  of  pier  of  toll  bridge,  at  elevation  of  29.92  feet 
above  zero  of  gage;  B.  M.  No.  3 is  top  of  right  abutment  of  toll 
bridge  at  apex  of  angle  caused  Iw  junction  of  downstream  wingwall, 
at  elevation  of  29.02  feet  above  zero  of  gage. 

Discharge  measurements  are  made  from  either  the  upstream  or 
downstream  side  of  bridge,  and  the  initial  point  for  soundings  is 
the  top  edge  of  bridge  seat  of  l*ort  Jervis  abrrtnrent.  The  channel 
of  the  river  above  arrd  below  the  station  is  straight,  with  high  barrks, 
which  do  rrot  overllow,  and  a bed  of  perrrrarrerrt  rocks  and  grarvel. 
This  gage  is  read  once  daily  by  Jacob  jMiller,  toll  collector  at  the 
bridge,  and  Iry  co-operatiorr  rvith  the  Weather"  Burearr,  weekly  re- 
ports are  received  hr’  the  Water  Srrpply  Cornnrission. 

Considerable  difficrrlty  has  beerr  experierrced  in  maintainirrg  the 
data  of  the  gage  constant.  September  4,  1908,  a careful  irrvestiga- 
tiorr  was  rrrade  arrd  irr  order  to  avoid  rregative  readirrgs,  a change 
in  the  original  datum,  as  nearly  as  could  be  determined,  of  aborrt  2 
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feet  was  made.  A correction  varying  from  1.7  feet  to  2.0  feet  added 
to  gage  heights  prior  to  Se])temher  4th,  1908,  so  that  all  gage  heights 
published  refer  to  the  same  datum. 

The  gaging  section  is  affected  by  ice  to  greater  or  less  extent  each 
winter. 

Since  the  establishment  of  this  gage,  37  discharge  measurements 
have  been  made.  These  measurements  have  been  made  by  the  United 
States  Geological  Smvey,  New  York  State  Engineer,  and  the  Water 
Supply  Commission  of  Pennsylvania.  The  data  prior  to  1912  will  be 
found  in  the  1910-11  Report  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  DELAWARE  RIVER,  AT  PORT 

.TER VIS,  N.  y. 

(Drainage  area  3,250  square  miles.) 


No.  Date. 

Hytlrographer. 

1 Width. 

1 

j 

Area  of  section. 

1 Mean  velocity. 

i 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq.  ft. 

per 

Feet. 

Sec.  ft. 

Kil2 

sec. 

S3  .liine  29 

Langenheiiii,  

511 

1518 

0.54 

1.55 

816 

0.6  measurement. 

3f  Jnlv  29 

Weber 

336 

490 

1.14 

1.36 

557 

Wading  measurement. 

3’  Nov.  ’ 22. 

Weber,  

572 

2190 

1.31 

3.01 

2880 

1913 

36  Feb.  21 

Boeliringer  & Knight, 

511 

2022 

1.21 

2.66 

2442 

0.6  measurement. 

37  ' March  8 

3.05 

2910 

DISCHARGE  TABLE  FOR  DELAWARE  RIVER,  AT  PORT  JERVIS,  N.  Y., 
FROM  JANUARY  1ST.  TO  DEC.  31ST.,  1912. 


1 

Gage  height.  [ 

1 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

1 

Discharge. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

0.70 

ISO 

.60 

2080 

.50 

77(in 

.40 

16810 

.30 

29720 

.80 

225 

.70 

2260 

.60 

8100 

.50 

17390 

.40 

30470 

.90 

275 

.80 

2450 

.70 

8510 

.60 

17990 

.50 

31220 

1.00 

330 

.90 

2650 

.80 

8930 

.70 

18600 

.60 

31970 

.10 

390 

3.00 

2860 

.90 

9350 

.80 

19220 

.70 

32720 

.20 

450 

.10 

3080 

5.00 

9780 

.90 

19850 

.80 

33480 

.30 

520 

.20 

3320 

.10 

10220 

7.00 

20500 

.90 

34240 

.40 

590 

.30 

3580 

.20 

10670 

.10 

21160 

9.00 

3.5000 

.50 

.40 

3860 

.30 

11130 

.20 

21830 

.10 

35770 

.60 

740 

.50 

4150 

.40 

11590 

.30 

22510 

.20 

36540 

.70 

825 

.60 

■1150 

.50 

12060 

.40 

23200 

.30 

37310 

.80 

920 

.70 

4770 

.60 

12540 

.50 

23900 

.40 

3S090 

.90 

1030 

.80 

5100 

.70 

13030 

.60 

24610 

.50 

^870 

2.00 

1150 

.90 

5440 

.80 

13540 

.70 

2633) 

.60 

39650 

.10 

1280 

4.00 

5800 

.90 

14060 

.80 

26040 

.70 

40130 

.20 

1420 

.10 

6160 

6.00 

14590 

.90 

26770 

.80 

41220 

.30 

1570 

.20 

K30 

.10 

15130 

8.00 

27500 

.90 

42010 

.40 

1730 

.30 

6910 

.20 

15680 

.10 

28240 

10.00 

42800 

.50 

1900 

.40 

7300 

.30 

16240 

.20 

28980 

Note.  This  table  is  onl.v  applicable  subsequent  to  January  1,  1912,  and  is  based  on  three 
discharge  measurements  made  during  1911  and  1912  together  with  the  former  curve. 


DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  DELAWARE  RIVER,  AT  PORT  JERVIS,  NEW  YORK. 
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ESTIMATED  MONTHLY  DISCHARGE  OP  DELAWARE  RIVER,  AT  PORT 

JERVIS,  N.  Y. 

(Drainafjc  urea  3,250  square  miles.) 


1 

MONTH. 

Discharge  in  Second-feet. 

Run-ofl:. 

Maximum. 

Minimum. 

Mean. 

Second -feet 
per  square 
mile. 

Itepth  in 
inches. 

1012. 

2950 

0 914 

Riao 

1 09. 

March.  * 

47000 

14400 

4.43 

6 11 

A|n:l 

4-D(X) 

7300 

1S200 

5.60 

G.25 

Ma.y 

15700 

245  0 

7000 

2.15 

2.48 

•lime 

4150 

665 

1910 

0.588 

0.66 

.Jill  V 

1570 

450 

694 

0.214 

0.25 

.\  IlgUSt 

3320 

390 

1490 

0.458 

0.53 

Scj>temi)(*r 

6910 

665 

2220 

0.683 

0.76 

( ictobcr 

23000 

1030 

4040 

1.21 

1.43 

November 

14100 

2450 

4S30 

1.49 

1.66 

December ■ 

19200 

2650 

6fl90 

2.08 

2.34 

The  year 

47600 

390 

5S40 

1.74 

23.62 

Note.  Ice  conditions  .TMiinary  13  to  March  13  inclusive.  Mean  daily  discharge  estimated  by 
comparison  witli  Delaware  Kiver  at  Kiegelsville,  N.  J. 


BIG  BUSHKILL  CREEK. 


DESCRIPTION  OF  RASIN. 

Big-  Biisbkill  creek,  a large  trilnitary  of  the  Delaware  river  in 
Monroe  and  IMke  comities,  drains  an  area  of  aiiproxiniately  150 
square  miles.  Ri.sing  in  many  lakes  and  ponds  on  the  Pocono  Pla- 
teau, in  the  sonth  central  part  of  Pike  county,  it  floAvs  southerly 
Ihrongh  an  nninhabited  region  covered  with  heavy  second  groAvth 
and  some  virgin  timber,  to  Avitliin  a fcAV  miles  of  its  month  at  Bnsh- 
kill,  the  length  being  approximately  25  miles.  The  principal  tribn- 
laries  are  Wells,  Middle  Bnshkill  and  Little  Bnshkill  creeks,  the 
watershed  inclnding  nnmerons  lakes,  ]K)nds  and  swanqis,  and  lying 
entirely  Avithin  the  glacial  area.  On  Bnshkill  creek  and  its  tribn- 
laries  are  nnmerons  falls,  and  i-a]nds,  most  noted  of  Avhich  are  Bnsh- 
kill Falls  on  Little  Bn.shkill  creek,  and  Winona  Falls  on  the  main 
stream,  all  the  streams  being  rapid  below  the  falls,  llowing  over 
rocky  beds  Avithin  steep,  ]»recipitons  banks,  Avhile  above  the  slopes 
llatten  and  SAvampy  areas  abound.  Bnshkill  village,  at  its  month, 
is  the  only^  toAvn  Avithin  this  basin.  This  creek  and  its  tributaries 
are  used  to  some  extent  on  the  loAver  reaches  for  power  purposes 
by  grist  mills,  Avhile  sites  for  considerable  pOAvers  are  as  yet  unde- 
veloped. 

The  average  yearly  rainfall  over  this  Avatershed  is  from  45  to  50 
inches.  The  floAV  has  been  measured  since  September  19,  1908,  at 
Shoemakers,  3 miles  above  the  mouth. 


DELAWARE  BASIN— STATION  NO.  8. 


BIG  BUSHKILL  CREEK  AT  SHOEMAKER’S. 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  September  19,  1908,  by  the  Water 
Supply  Commission  of  Pennsylvania,  on  a single  span,  steel  through- 
truss,  highway  bridge  near  Shoemaker’s,  2 miles  upstream  from  the 
village  of  Bushkill.  A standard  chain  gage  is  fastened  to  the  guard 
rail  on  the  upstream  side  of  the  bridge.  The  length  of  chain  from 
center  of  rivet  to  bottom  of  weight  is  14.42  feet. 

Discharge  measurements  are  mads  from  the  downstream  side  of 
the  bridge,  and  by  wading  above  and  below  at  low  stages.  The  initial 
point  for  soundings  is  left  end  of  handrail  on  downstream  side  of 
bridge.  The  bench  mark  is  a point  on  the  upstream  corner  of  left 
abutment,  top  of  fifth  course  from  bottom,  or  eighth  course  from 
top,  which  is  5.G25  feet  above  arbitrary  zero  of  gage.  The  channel 
is  straight  for  about  300  feet  above  and  800  feet  below  the  bridge, 
the  bottom  being  gravelly  with  some  large  rocks,  and  fairly  perma- 
nent. Saw  creek  enters  from  the  left  a few  hundred  feet  above 
the  bridge.  The  gage  is  read  once  daily  by  George  Beaver. 

Since  the  establishment  of  the  gage,  ten  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASURIDIEATS  OF  RIG  P.USHKILL  CREEK,  AT  SHOE- 
MAKER'S, MONROE  ('OUNTY,  RENNA. 

(Drainage  area  llo  square  miles.) 


No. 

Date. 

Hydrogi-aplier. 
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Ui 

VI 
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C3 

O 

< 

'S 
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c 

+j 
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’o 

o 

tc 
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3 

1 

KeinarUs. 

d ' 

^ ; 
o 

M 

Ft. 

1 

Feet. 

Sq.  ft. 

per 

Feet. 

Sec.  ft. 

sec. 

1 

1912 

1 

1C 

•Tune  26 

T.angeiilieim 

63 

37 

0.S7 

1.3C 

50 ! 0.6  measurement. 

DISCHARGE  TARLE  FOR  RIG  RUSH KI  1,0  CREEK, 
ilONROE  COUNTY,  FROM  SEPTEMRER 


AT  SHOEMAKER’S, 
19,  1908. 


I 

Gage  height.  j 

i 

Discharge.  1 

5 

o 

A 

<D 

fcJO 

d 

1 

Discharge,  ! 

1 i 

i 

Gage  height. 

fcO 

d 

o 

w 

5 

+j 

.a 

'S 

.a 

<y 

fco 

a 

<y 

fcJI 

C-i 

d 

.a 

ai 

1 Gage  height. 

1 

Discharge. 

1 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

f 

1 Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

.90 

6 

.79 

12S 

.60 

529 

.40 

1237 

.20 

2115 

1.00 

12 

.SO 

160 

.70 

598 

1 .50 

1346 

.30 

2225 

.10 

20 

.90 

in-, 

.SO 

C72 

.60 

145'> 

.40 

2333 

.20 

31 

2.00 

233 

.90 

750 

.70 

loOo 

.50 

2415 

.30 

44 

.10 

273 

3.00 

S3> 

.SO 

1675 

.60 

25od 

.40 

60 

.20 

317  ! 

.10 

92S 

.90 

17S5 

.70 

2665 

..30 

79 

.30 

364  1 

.20 

1025 

1 4.00 

1S95 

.SO 

2775 

.00 

102 

! ■90 

41.-,  1 

.30 

1130 

i .10 

2005 

.90 

2S85 

.50 

469  i 

1 

I 

5.00 

2995 

DAir.Y  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  BIG  BUSHKIEL  CREEK,  AT  SHOEMAKERS,  MONROE  CO.,  PA. 
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Creek  frozen  January  6 to  March  14,  inclusive.  Discharge  estimated  from  l.eiiigli  Uiv<‘r  at  South  Itethlehem. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  BIG  BUSHKILL  CREEK,  AT 
SHOEMAKERS,  MONROE  COUNTY,  PA. 

(Drainage  area,  115  square  miles.) 


MONTH. 

Discharge  in  Second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square  ; 
mile. 

Depth  in 
inches. 

191:^. 

151 

1.313 

1 514 

165 

1.435 

1.548 

16S0 

633 

5.504 

6.345 

April,  

8S3 

2S3 

447 

3.88-7 

4.837 

206 

393 

3.417 

3.939 

June 

245 

31 

87 

0.757 

0.845 

July,  

44 

16 

27 

0.235 

0.271 

August 

S64 

9 

61 

0.530 

0.611 

September,  

415 

29 

129 

1.122 

1.252 

Octobei- 

SS8 

49 

199 

1.730 

1.994 

November,  

390 

144 

252 

2.191 

2.444 

December,  

ilo 

128 

272 

2.365 

2.726 

The  year,  

16S0 

9 

23.6 

2.040 

27.826 

Note.  Creek  frozen  January  B to  Mareli  14,  inelusive.  Discharge  estimated  from  Lehigh 
Kiver  at  South  Bethlehem. 


BRODHEADS  CREEK. 


DESCRIPTION  OF  BASIN. 

Erodheads  creek,  a tributary  of  the  Delaware  river,  in  tire  central 
part  of  Monroe  county,  and  one  of  tlie  largest  streams  tlrerein,  drains 
approximately  285  square  miles.  Rising  in  tire  Pocouo  mountains, 
in  the  northwestern  corner  of  Barrett  township,  it  follows  a south- 
erly course  through  a sjiarsely  inhabited  area  covered  with  second 
growth  timber  at  its  headwaters,  thence  through  an  agricultural 
region,  to  its  mouth  one  mile  above  Delaware  Water  Gair,  its  total 
length  being  approximately  28  miles.  Its  source  is  at  an  elevation 
of  about  2,000  feet  above  sea  level,  and  its  mouth  290  feet.  The 
principal  tributaries  are  Analomink,  or  Holler  creek,  McMichaels 
and  Marshall  creeks,  the  watershed  including  numerous  small  lakes, 
ponds  and  swam])s,  the  stream  lying  entirely  Avithin  the  glacial  area, 
while  on  it  and  its  tributaries  are  numerous  falls  and  rapids.  The 
main  stream  is  rapid,  flowing  over  a rocky  bed,  between  unusually 
steep  banks,  and  is  generally  in  a narrow  valley  except  near  the 
headAvaters  where  the  valleys  widen  and  the  slopes  are  more  gradual. 
In  this  drainage  basin  lie  the  principal  boroughs  and  villages  of  the 
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< Jjifrhisr  St.-itinii  on  ItrcKlhcads  (.'reel;  at  Aiialoniink,  ^Munroe  County. 


37 


couiitY,  several  of  which  obtain  water  supplies  from  tlie  creek  or 
its  tributaries.  Biodheads  creek  and  its  affluents  are  used  to  some 
extent  for  porver  purposes,  while  available  sites  are  as  yet  unde- 
veloped. 

The  average  yearly  rainfall  over  this  watershed  is  from  45  to  50 
inches. 

The  flow  of  this  stream  has  been  measured  since  September  17, 
1908,  at  Analomink,  9 miles  above  the  inonlh. 


DELAWARE  BASIN— STATION  NO.  9. 


BRODHEADS  CREEK  AT  ANALOMINK. 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  September  17,  1908,  by  the  Water 
Supply  Commission  of  Penmsylvania.  on  a single  sjiau,  steel,  through- 
truss,  highway  bridge,  about  one-quarter  mile  above  the  village  of 
Analomink,  but  gage  readings  were  not  commenced  until  December 
10,  1908.  A 14-toot  staff  gage  is  bolted  to  the  downstream  face  of 
the  left  abutment.  A bench  maik  is  located  on  the  top  of  a reddish 
stone  in  the  left  abutment,  bottom  couise,  outer  downstream  cor- 
ner, and  the  ele\atiou  is  2.11  feet  aboNe  the  arbitrary  zero  of  the 
gage. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  or  at  low  stages  by  wading  above  the  bridge.  The  initial 
point  for  soundings  is  top  angle  of  downstream  handrail  at  left  end, 
which  is  called  station  2.3  feet.  The  channel  above  is  straight  for 
100  feet,  and  below  for  300  feet.  A wooden  dam  1,000  feet  down- 
stream backs  the  water  uj)  to  within  a sliort  distance  of  the  I)ridge. 
The  left  bank  is  high  and  does  not  overflow,  but  at  extreme  stages 
the  right  bank  overflows  and  water  passes  across  tlie  road  at  right 
end  of  the  bridge.  The  bed  is  mostly  solid  rock,  and  permanent,  con- 
taining a large  projecting  ledge  of  rock  near  the  left  bank.  The  gage 
is  read  twice  daily  by  Wilbur  Imbt. 

Since  the  establishment  of  this  station,  nine  discharge  measure- 
ments have  been  made.  Owing  to  an  insufficient  number  of  dis- 
charge measurements,  no  rating  curve  has  yet  been  determined. 
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and,  therefore,  onl}''  the  discharge  measurements  and  gage  heights 
are  published.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  BRODHEADS  CREEK,  AT  ANALO- 
MINK,  MONROE  COUNTY,  PA. 

(Drainage  area  120  square  miles.) 


No. 

Date, 

Hydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

1913 

h'eet. 

Sq. 

ft. 

Ft. 

per 

sec. 

Feet. 

Sec. 

ft. 

June 

Langonbeim,  

S5 

63 

1.4] 

0.9ff 

89 

Wading  msmt.  300'  above 
bridge.  Intergration 

msmt. 

DAILY  MEAN  GAGE  HEIGHTS  OF  BRODHEADS  CREEK,  AT  ANALOMINK,  MONROE  COUNTY,  PA. 
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POCONO  CREEK. 


DESCRIPTION  OF  BASIN. 

Pocono  creek,  the  largest  tributary  of  McMicliaels  creek,  lies  in 
tlie  south  central  part  of  Monroe  county,  draining  an  area  of  ap- 
proximately 42  square  miles.  It  rises  in  the  Pocono  mountains  in 
tlie  central  part  of  the  county,  liowing  in  a general  soutlierly  direc- 
tion tlirough  an  uninhabited  area,  covered  with  second  growth  tim- 
l)er,  to  a j>oint  about  six  miles  west  of  Stroudsburg,  where  it  turns 
to  an  easterl}^  direction  through  a farming  section,  to  its  mouth  in 
the  center  of  tlie  town,  a total  distance  of  approximately  12  miles. 
In  its  upper  sections  the  slope  of  the  stream  is  steep,  while  in  the 
lower  section  it  is  mucli  flatter,  and  it  lies  entirely  within  tlie  glacial 
area.  A few  grist  mills  operated  by  water-j»ower  exist  on  the  lower 
sections  of  this  creek.  The  average  yearly  rainfall  over  this  water- 
shed is  from  45  to  50  inches. 

The  flow  has  been  measured  since  August  3,  1911,  at  the  Sjioke 
Factory  Bridge,  near  Stroudsburg,  2 miles  above  the  mouth. 


DELAWTVRE  BASIN— STATION  NO.  10. 


POCONO  CREEK  NEAR  STROUDSBURG. 


DESCRIPTION  OP  STATION. 

This  station  was  established  August  3,  1911,  Iw  the  Water  Sujijdy 
Commission  of  Pennsylvania,  on  a single  span,  covered,  wooden 
bridge  about  two  miles  above  Stroudsbui-g,  and  is  being  maintained 
by  Meikleham  Dinsmore,  Engineers,  New  York  City.  A standard 
chain  gage  is  fastened  to  the  upstream  guard  rail  of  the  bridge  near 
the  left  bank.  The  length  of  chain  from  center  of  rivet  to  bottom 
of  weight  is  14.00  feet.  Bench  mark  No.  1 is  a large  staple  on  the 
inside  of  the  right  upstream  one  of  a fiair  of  angling  wooden  braces, 
elevation  15.73  feet  above  zero  of  gage.  Bench  mark  No.  2 is  top 
of  flat  stone  on  top  of  face  of  left  abutment,  near  upstream  cor- 
ner, below  angle  between  upstream  side  of  wooden  bridge  and  end 
of  wingwall  guard  wall,  about  10  inches  from  side  of  bridge,  eleva- 
tion 10.67  feet  above  zero  of  gage. 


Gagiug  Station  on  Pocono  Creek  above  Stroudsburg. 
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Discharge  measurements  are  made  from  the  downstream  side  of 
bridge,  and  by  wading  under  the  bridge.  The  initial  point  for  sound- 
ings is  face  of  downstieam  abutment,  right  end.  The  channel  above 
the  bridge  curves  gently  to  the  right  for  GOO  feet,  and  below  it  is 
straight  for  450  feet.  The  banks  are  high  and  rarely  overflow  ex- 
cept during  extreme  stages.  The  bed  is  of  gravel  and  small  stones. 
The  gage  is  read  twice  daily  by  George  K.  Brands. 

Since  the  establishment  of  this  station,  live  discharge  measure- 
ments have  been  made.  Owing  to  the  insufficient  number  of  dis- 
charge measurements,  no  rating  curve  has  been  computed  at  this 
station,  and  only  the  discharge  measurements  and  daily  gage  heights 
are  published.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Keport  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  POCONO  CREEK,  NEAR  STROUDS- 
BURG, MONROE  COUNTY,  PA. 

(Drainage  area  38  square  miles.) 


No. 

Date. 

Hydrographer. 

Width. 

Area  of  soctlon. 

Moan  velocity. 

Gage  height. 

Discharge. 

Remarks. 

1912 

Feet. 

Sq. 

ft. 

Ft. 

per 

sec. 

Feet. 

Sec. 

ft. 

■Tune  2S. 

Langenheim 

24 

22 

1.19 

2.10 

27 

Wading  msmt.  100  ft. 
below  bridge  intergra- 
tion  method. 

DAILY  MEAN  GAGE  HEIGHTS  OP  POCONO  CREEK,  NEAR  STROUDSBURG,  MONROE  COUNTY,  PxV. 
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McMICHAELS  CREEK. 


DESCRIPTION  OF  BASIN. 

McMicliaels  creek,  the  largest  tributary  of  Brodlieads  creek,  lies 
iu  the  south  central  part  of  Monroe  county,  draining  an  area  of  ap- 
proximately 105  srpiare  miles.  It  rises  in  the  Pocono  mountains, 
flows  first  in  a southerly  direction  tlirough  an  uninhabited  area 
covered  with  second  growth,  and  thence  turns  easterly  through  a 
sparsely  inhabited  agricultural  region,  to  its  mouth  a short  distance 
below  Stroudsburg,  a distance  of  ai)proximately  20  miles.  In  its 
upper  section  the  slope  of  the  creek  is  steep,  while  in  the  lower  sec- 
tion it  is  much  flatter,  and  it  lies  entirely  within  the  glacial  area. 
Pocono  creek,  with  a drainage  area  of  approximately  42  square  miles, 
is  the  largest  tributary",  while  several  lakes  and  i)onds  lie  within  its 
watershed.  A few  grist  mills  operated  by  water  power  exist  in  the 
lower  section  of  the  creek  and  its  tributaries. 

The  average  yearly  rainfall  over  this  watershed  is  from  45  to  50 
inches. 

The  flow  has  been  measured  at  two  points;  namely,  at  the  Seventh 
Street  Viaduct,  Stroudsburg,  from  September  10,  1908,  to  July  10, 
1910,  at  which  time  the  station  was  discontinued,  and  at  the  railroad 
bridge  near  the  car  shops  above  Stroudsburg  since  August  3,  1911. 
The  first  station  was  a short  distance  below  tlie  mouth  of  Pocono 
creek,  whereas  the  present  station  is  about  one  mile  above  the  mouth 
of  Pocono  creek. 


DELAW'' ARE  BASIN— STATION  NO.  11. 


McMICHAELS  CREEK  AT  CAR  SHOPS  ABOVE 
STROUDSBURG. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Su])ply  Commission  of 
Pennsylvania  on  August  3,  1911,  ou  tlie  railroad  hi  idge  of  the  Wilkes- 
Barre  and  Eastern  Railroad  near  the  car  shops  above  Stroudsburg, 
and  is  being  maintained  by  Meikleham  & Dinsmore,  Engineers,  New 
York  City.  A chain  gage  is  fastened  on  the  second  jianel  of  the 
left  downstream  side  of  the  bridge.  The  length  of  chain  from  cen- 
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ter  of  rivet  to  bottom  of  weiglit  is  23.04  feet,  the  elevation  of  zero 
being  arbitrary  datum.  B.  M.  No.  1 is  cnt  on  top  of  extreme  up- 
stream stone  in  tbe  upstream  wingwall  of  the  right  abutment,  on 
top  of  the  4th  stone  down  from  the  bridge  seat,  and  is  on  the  extreme 
upper  outer  corner;  elevation  13.56  feet  above  gage  datum. 

Discharge  measurements  are  made  from  the  downstream  side  of 
bridge,  and  by  wading  below  the  bridge  at  low  stages.  The  channel 
at  the  bridge  is  straight,  with  stone  and  mud  bottom,  and  with  high 
banks  on  either  side  which  do  not  overflow.  The  channel  passes 
under  the  bridge  at  a slight  angle.  This  gage  is  read  twice  daily 
by  Eobert  H.  Ace. 

Since  the  establishment  of  this  station,  five  discharge  measure- 
ments have  been  made.  Owing  to  the  iusnlncient  number  of  discharge 
measurements,  no  rating  curve  has  been  computed  at  this  station, 
and  only  the  discharge  measurements  and  dailj^  gage  heights  are  pub- 
lished. The  data  prior  to  1912  will  be  found  in  the  1910-11  Report 
of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  McMICHAELS  CREEK,  AT  CAR  SHOPS, 
STROUDSBURG,  MONROE  COUNTY,  PENNA. 

(Drainage  area  60  square  miles.) 


No 

Date.  ~ 

Hydrographer. 

Width.  j 

1 

Area  of  seotion.  j 

Mean  velocity. 

Sage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1912 

ft 

see. 

ft. 

5 

June  26. 

T.angenlieim 

Ti 

G? 

0.S9 

3.15 

55 

Intergi-ation  msnit. 

DAir.Y  MEAN  GAGE  HEIGHTS  OF  McMICHAELS  CREEK,  AT  CAR  SHOPS,  STROUDS15URG,  MONROE  CO.,  PA. 
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LEHIGH  RIVER. 


DESCRIPTION  OF  BASIN. 

Tlie  Leliigli  river,  the  second  laigest  tribiitury  of  the  Delaware 
river  from  Pennsylvauia,  drains  apinmximately  1,375  square  miles, 
ill  the  central-eastern  i)ortion  of  the  State.  Rising  in  the  Pocono 
plateau  in  the  southwest  corner  of  Wayne  count}",  it  follows  a wind- 
ing course,  generally  southeasterly  to  its  mouth  at  Easton,  its  length 
being  approximately  100  miles,  while  the  air  line  distance  from  its 
source  to  its  mouth  is  only  45  miles. 

The  sources  of  the  upper  tributaries  lie  among  the  Pocono  hills, 
which  are  sparsely  inhabited,  and  largely  forested.  The  slope  of  the 
river  is  steep,  with  numerous  rapids,  water  falls,  and  glacial  lakes. 
The  stream  falls  about  10  feet  per  mile  until  within  15  or  20  miles 
of  the  mouth,  where  it  enters  the  rolling  farm  lands  of  Lehigh  and 
Northampton  counties,  where  its  slope  reduces  to  4 or  5 feet  per 
mile.  In  this  portion  of  the  valley  is  much  cultivated  laud  and  nu- 
merous large  cities  and  boroughs,  among  the  most  important  being 
Allentown,  South  Bethlehem,  Bethlehem  and  Easton. 

Numerous  of  its  lower  tributaries,  among  them  the  Little  Lehigh, 
•Jordan,  Monocacy  and  Saucou  creeks,  drain  limestone  areas,  thus 
augmenting  the  diy  weather  flow.  From  the  Avest,  where  the  Lehigh 
jiasses  the  anthracite  coal  fields,  the  tributaries  bring  in  quantities 
of  culm  and  mine  AAuiter. 

The  chief  tributaries  are  Tobyhanna,  Bear,  Black,  Mahoning,  Big, 
Lizard,  Aquachicola,  .Jordan,  JAttle  T.iehigh,  Monocacy  and  Saucon 
creeks. 

The  banks,  especially  in  the  upper  portion,  are  high  and  rocky, 
and  below  Mauch  Chunk  and  AVhite  Haven  the  valley  assumes  the 
nature  of  a gorge.  The  bed  is  rock  throughout  most  of  its  length, 
in  places  overlain  by  a thin  layer  of  drift,  and  in  its  loAA’er  section, 
behind  the  navigation  dams,  extensive  silting  has  taken  place. 

The  J.,ehigh  Coal  and  Navigation  Company  operates  a canal  and 
slackAvater  system  of  navigation  on  the  lower  45  miles,  consisting  of 
10  dams  and  locks,  and  several  short  sections  of  canal  connecting 
the  pools.  Considerable  Avater  power  is  developed  along  this  canal. 

Numerous  towns  and  industries  in  the  loAver  section,  in  which  por- 
tion of  the  valley  population  and  industries  are  quite  congested,  use 
the  river  water  for  domestic  and  industrial  purposes,  but  its  impure 
condition  and  high  sediment  content,  make  purification  a requisite. 

The  basin,  which  is  long  and  narroAAq  is  subject  to  an  annual  aver- 
age precipitation  of  45  to  50  inches. 

The  flow  has  been  measured  from  September  22,  1902,  to  February 
13,  1905,  and  from  Ax)ril  26,  1909,  to  date,  at  South  Bethlehem,  12 
miles  above  the  mouth. 
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DELAWARE  RA SIX-STATION  NO.  12. 


LEHIGH  RIVER  AT  SOUTH  BETHLEHEM. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Geological  Sur- 
vey, September  22nd,  1002,  on  the  New  street  bridge,  connecting 
Bethlehem  and  South  Bethlehem,  and  was  operated  until  February 
13th,  1005,  by  Lehigh  University.  On  that  date  it  was  discontinued, 
and  was  re-established  by  tlie  Water  Supply  Commission  of  I’eunsyl- 
vania,  at  the  same  point,  on  April  2()th,  1000.  The  present  equip- 
ment consists  of  a standard  chain  and  weight  gage,  similar  to  that 
previously  employed,  the  new  datum  being  0.00  feet  higher  than  the 
old.  The  elevation  of  the  zero  of  the  present  gage  is  210. G4  feet  above 
mean  tide,  leferied  to  the  following  bench  marks:  Bench  mark 
Xo.  2 is  Xo.  72  of  L.  V.  R.  E.,  on  iron  pin  set  in  south  pier  of  Xew 
street  bridge  at  elevation  232.87  feet  above  sea  level,  or  22.23  feet 
above  zero  of  gage.  B.  M.  Xo.  3 is  cro.ss  cut  in  stone  on  4th  pier  from 
north  side,  15th  course  down  from  top  of  pier,  downstream  face,  2 
feet  in  from  left  or  north  downstream  corner;  elevation  228.06  feet 
above  sea  level,  or  17.42  feet  above  zero  of  gage.  The  length  of  chain 
is  42.89  feet  to  low  water  marker  and  32.89  feet  to  high  water 
marker. 

Discharge  measuremerrts  are  made  from  the  downstream  side  of 
the  bridge,  the  initial  poirrt  for  soundings  being  a point  on  hand-rail 
over  center  of  pier,  between  third  and  forrrth  trusses  froru  left  bank. 
The  channel  is  straight  both  above  and  below  the  station  and  the 
bed  is  of  sand  arrd  gravel.  The  right  baidr  is  high  and  does  not  over- 
floAv,  while  the  left  is  low  and  subject  to  overflow  at  high  stages. 
The  Lehigh  canal  follows  the  left  bank  and  passes  over  Monocacy 
creek,  and  rrnder  left  span  of  bridge.  Monocacy  creek  passes  rrnder 
canal  on  left  bank,  and  under  bridge,  entering  the  river  a short  dis- 
tance below.  Canal  is  measured  at  Main  street  bridge,  one-third  of 
a mile  above,  the  discharge  reduced  by  tail  race  flow  of  ice  plant 
and  grist  mill,  which  use  canal  water  betweerr  the  two  bridges,  is 
added  to  river  discharge  as  measrrred  at  Xew  street  br  idge.  There  is 
a spillway  from  the  canal  into  the  creek  at  the  aqueduct,  so  that  the 
canal  cannot  be  measrried  at  Xecv  street  bridge.  The  gage  is  read 
twice  daily  by  J.  E.  Santee,  the  toll  collector  at  the  bridge. 

Since  the  establishment  of  this  station  42  discharge  measurements 
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have  been  made,  by  the  United  States  Geological  Survey,  Lehigh 
Lniveisity  and  the  Water  Supply  Comniissiou  of  Penusylvania.  No 
discharge  measurements  were  made  during  1912. 

Tlie  rating  tables  below  have  been  compiled  bj^  the  United  States 
Geological  Survey,  as  well  as  all  the  data  from  1902  to  1905  inclu- 
sive. Three  i-ating  tables  have  been  computed,  made  necessary  by 
certain  changes  in  the  river  channel.  The  data  prior  to  1912  will 
be  found  in  the  1910-11  Eeport  of  the  Water  Supply  Commission. 


DISCHARGE  TABLE  FOR  LEHIGH  RIVER,  AT  SOUTH  BETHLEHEM 
NORTHAMPTON  COUNTY,  PROM  .TAN.  1,  1912. 


Gage  height. 

i 

Discharge. 

Gage  height. 

Discharge. 

Gage  height.  jj 

Discharge. 

Gage  height. 

i 

] 

Discharge.  | 

XI 

'5 

0) 

tc 

CJ 

o 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.00 

.20 

2100 

.40 

6630 

.80 

12940 

10.00 

19490 

.10 

.30 

2260 

.50 

68S0 

.90 

13220 

.10 

19810 

.20 

.40 

2420 

.60 

7130 

8.00 

13500 

.20 

20030 

.30 

.50 

2580 

.70 

7380 

.10 

13790 

.30 

20450 

.40 

.60 

2750 

.80 

7630 

.20 

14080 

.40 

20770 

..50 

255 

.70 

2020 

.90 

7SS0 

.30 

14370 

.50 

21090 

.60 

325 

.80 

- 3100 

6.00 

8130 

.40 

14660 

.60 

21410 

.70 

400 

.90 

32S0 

.10 

8380 

.50 

14950 

.70 

21740 

.80 

480 

4.00 

3470 

.20 

8640 

.60 

15240 

.80 

22070 

.90 

565 

.10 

3670 

.30 

8900 

.70 

15530 

.90 

22400 

2.00 

655 

.20 

3870 

.40 

9160 

.80 

15820 

11.00 

22730 

.10 

750 

.30 

4070 

.50 

9420 

.90 

16120 

.10 

23070 

.20 

850 

.40 

42SO 

.60 

9680 

9.00 

16420 

.20 

23410 

.30 

^0 

.50 

4500 

.70 

99  iO 

.10 

16720 

.30 

23730 

.40 

1060 

.60 

4720 

.80 

10200 

.20 

17020 

.40 

24090 

.50 

1170 

.70 

4940 

.90 

lChl70 

.30 

17320 

.50 

24430 

.60 

1280 

.80 

6170 

7.00 

10740 

.40 

17630 

.60 

24770 

.70 

1400 

.90 

5400 

.10 

110*10 

.50 

17940 

.70 

25110 

.80 

1530 

5.00 

5640 

.20 

U2S0 

.60 

18250 

.80 

25450 

.90 

1670 

.10 

6880 

.30 

11550 

.70 

18560 

.90 

25790 

3.00 

1810 

.20 

6130 

.40 

11820 

.80 

18870 

12.00 

26130 

.10 

1950 

.30 

6380 

.50 

12100 

.90 

19180 

.60 

12380 

.70 

12660 

1 

Note — This  table  is  only  applicable  subsequent  to  Jan.  1,  1912,  and  is  based  on  5 discharge 
measurements  marie  during  1911  and  1913,  together  with  the  1&93  to  1905  curve. 
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ESTIMATED  MOATHT.Y  DISCHARGE  OF  LEHIGH  RIVER,  AT  SOUTH 
RETHI.EHEM,  NORTHAMPTON  COUNTY,  PA. 


(Drainage  area  1,235  square  miles.) 


MONTH. 

Discharge  in  Second-feet. 

Itun-off. 

Maximum. 

I\Iinimum. 

Mean. 

Second-feet 
Iier  s<iuare 
mile. 

Depth  in 
inches. 

January 

2470 

860 

1590 

1.287 

1.484 

February,  

14100 

637 

1920 

1.555 

1.677 

March 

ITSOD 

1390 

5400 

4.372 

5.040 

April,  

sceo 

3710 

4390 

3.555 

3.9.0 

Mav 

4^S0 

1430 

2850 

2.308 

2.6-j1 

JlllU* 

ITSO 

584 

1000 

O.SIO 

O'. 934 

Jul.v 

■ 766 

321 

572 

0.463 

0.531 

Aiiii-ust 

1740 

349 

698 

0.565 

0.6.>1 

SeiGcinbcr 

C020 

312 

13-0 

1.069 

1.193 

Ortobor.  

r>7b0 

G46 

1710 

1.3S5 

1.097 

November.  

5190 

1430' 

2200 

1.781 

1.987 

December 

4020 

1500 

2340 

1.895 

2.1S4 

The  year,  

21000 

321 

2170 

1.754 

23.878 

DELAAYARE  BASIN— STATION  NO.  13. 


DELAV/ARE  RIVER  AT  RIEGELSVILLE,  R.  J. 


This  station  vas  established  by  the  United  States  Geological  Sur- 
vey, Jul}^  3,  190G,  on  the  three  span,  steel  suspension,  toll  highway 
bridge,  at  Riegelsville,  R.  J.  A chain  gage  is  attached  to  the  up- 
stream handrail  iu  the  middle  span  20  feet  from  the  east  pier.  The 
length  of  chain  fioin  center  of  rivet  to  bottom  of  weight  is  43.49  feet, 
the  elevation  of  zero  being  arbitrary  datum.  A B.  M.  is  located  ou 
top  of  steel  part  of  dov.Tistream  cable  anchorage  on  New  Jersey 
side,  wlii'di  i.i  40.7G  feet  a!)ove  zero  of  the  gage.  Discharge  measure- 
ments are  made  from  the  dowustieam  side  of  the  bridge,  and  the 
initial  point  is  the  face  of  the  left  abutment.  The  channel  of  the 
i-iver  is  straight  Lod.i  above  and  below  the  station,  the  left  bank 
being  high  and  never  o'le:  bowing,  while  the  right  bank,  although 
high,  is  subject  to  cvcrtlow  dming  extreme  high  waters.  The 
bed  of  the  stream  is  gravel  and  boulder .s,  and  fairly  permanent,  with 
from  12  to  15  feet  depth  of  water  during  ordinary  stages.  This 
gage  is  read  twice  dail}"  by  John  il.  Dccmer,  the  toll  collector  at  the 
bridge. 

The  Delaware  Division  Canal  parallels  the  river  along  the  Penn- 
sylvania shore  about  2G0  feet  from  the  liver,  and  is  measured  at  a 
highway  bridge,  a short  di.stauce  above  the  river  bridge. 

Since  the  establishment  of  this  gage  17  discharge  measurements 
have  been  made.  The  following  data  liave  been  furnished  by  the  U. 
S.  Geological  Survey.  The  data  prior  to  1912  will  be  fouud  in  the 
1910-11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  DELAWARE  RIVER,  AT  RIEGELS- 

VILLE,  N.  J. 

(Drainage  area  6,Ji30  square  miles.) 


No. 

Date. 

Hydrographer. 

Widtli.  1 

1 

! 

!! 

Area  of  section.  j| 

'Mean  velocity. 

1 

cs 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1913. 

ft. 

sec. 

ft. 

17 

Feb.  20, 

Reckord  & Batley,  . 

469 

4107 

1.40 

3.73 

5819 

0.6  measurement. 

DISCHARGE  TABLE  FOR  DELAWARE  RIVER,  AT  RIEGELSVILLE,  N.  J., 

FROM  1906. 


Gage  height. 

o 

rt 

*0 

w 

Gage  height. 

- 

1 

Discharge.  I 

'Z 

fcX3 

c? 

o 

d 

tjc 

“Z 

h 

Gage  Iieight. 

"d 

h- 

5 

0/ 

tl! 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

.50 

810 

.80 

8820 

.10 

22080 

.30 

39930 

.50 

61690 

.60 

930 

.90 

9160 

.20 

22560 

,40 

40560 

.60 

62410 

.70 

1060 

5.00 

9500 

.30 

23050 

.50 

41190 

.70 

63130 

.SO 

1200 

.10 

9840 

.40 

23540 

.60 

41820 

.80 

63S50 

.90 

1350 

.20 

10190 

.50 

24040 

.70 

42460 

.90 

64570. 

2.00 

1500 

.30 

1(^40 

.60 

24540 

.80 

43100 

15.00 

6”)3(^> 

.10 

1660 

.40 

10S90 

.70 

25050 

.90 

43750 

.10 

66030 

.20 

1830 

.50 

11250 

.80 

25560 

12.00 

44400 

.20 

66760 

.30 

2010 

.60 

11610 

.90 

260S0 

.10 

45060 

.30 

67490 

.40 

2200 

.70 

11980 

9.00 

26600 

.20 

45720 

.40 

68220 

.50 

2400 

.80 

12350 

.10 

27130 

.30 

46380 

.50 

6S950 

.60 

2600 

.90 

12720 

.20 

2!7660 

.40 

47060 

.60 

696S0 

.70 

2S10 

6.00 

13100 

.30 

28200 

.50 

47720 

.70 

70410 

.80 

3030 

.10 

13480 

.40 

28750 

.60 

4S390 

.80 

71140 

.90 

3260 

.20 

13860 

.50 

29300. 

.70 

49060 

.90 

71870 

3.00 

3500 

.30 

14250 

.60 

29860 

.80 

49740 

16.00 

72600 

.10 

3750 

.40 

nm 

.70 

30420 

.90 

50420 

.10 

73340 

.20 

4000 

.50 

15010 

.80 

30990 

13.00 

51100 

.20 

74a80 

.30 

4260 

.60 

15440 

.90 

31560 

.10 

51T90. 

.30 

74820 

.40 

4530 

.70 

15850 

10.00 

32130 

.20 

52480 

.40 

75560 

.50 

4800 

.80 

16260 

.10 

32710 

.30 

53170 

.50 

76300. 

.60 

5080 

.90 

166S0 

.20 

33290 

.40 

53870 

.60 

770.50 

.70 

5360 

7.00 

17100 

.30 

33880 

.50 

54570 

.70 

77800 

.80 

5650 

.10 

17530 

.40 

34470 

.60 

55270 

.80 

78550 

.90 

o9b0 

.20 

179410 

.50 

35060 

.70 

55970 

.90 

79300 

4.00 

6250 

.30 

18400 

JyO 

35660 

.SO 

56680 

17.00 

80060 

.10 

6560 

.40 

18840 

.70 

36260 

.90 

57390 

18.00 

87650 

.20 

6870 

.50 

19290 

.80 

36860 

14.00 

58100 

19.00 

95350 

.30 

7190 

.60 

19740 

.90 

57470 

.10 

58810 

20.00 

103150 

.40 

7510 

.70 

20‘00 

11.00 

3S080 

.20 

59530 

.50 

7830 

.80 

20660 

.10 

3-8690 

.30 

60250 

.60 

8160 

.90 

21130 

.20 

39310 

.40 

60970 

.70 

8490 

s.oo 

21600 

DAILY  MKAA”  GAGE  HEIGHTS  AND  DISCHARGES  OF  DELAAVARE  RIA'ER,  AT  RIEGELSVILLE, 
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ESTIMATED  MONTHLY  DISCHARGE  OF  DELAWARE  RIVER,  AT 

RIEGELSVH.LE,  N.  J. 

(Drainage  area  (i,Ji30  square  miles.) 


MONTH. 

aiseharge  in  Seeond-feet. 

Hmi  off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  siiuare 
mile. 

Depth  in 
inches. 

1912. 

January,  

12000 

50S0 

6S70 

1.07 

1.23 

February 

26tK»0 

3140 

7080 

1.10 

1.19 

March 

83000 

0u60 

2S800 

4.49 

5.18 

April,  

59500 

14600 

20700 

4.65' 

5.19 

May,  

29300 

7510 

15100 

2.40 

2.77 

Jine 

7S30 

2550 

4850 

0.796 

0.89 

July 

33S0 

1830 

2380 

0.412 

0.48 

August,  

8820 

1580 

3570 

0.597 

0.69 

September,  

11600 

2500 

5160 

0.843 

0.94 

October,  

Novmeber,  

30400 

2700 

7700 

1.24 

1.43 

19700 

6250 

9850 

1.57 

1.75 

December,  

1'07CO 

6560 

IISOO 

1.85 

2.13 

The  year,  

S3000' 

15S0 

11100 

1.76 

23.87 

DELAWARE  BASIN— STATION  NO.  14. 


TOHICKON  CREEK  AT  POINT  PLEASANT,  PA. 


Tohickou  creek  rises  in  the  western  part  of  Backs  county,  Pa.,  and 
flows  eastward  into  the  Delaware  at  Point  Pleasant.  Its  drainage 
area  comprises  about  102  square  miles,  the  greater  part  being  farm 
land  under  a high  degree  of  cultivation,  the  original  forest  cover 
having  been  almost  entirely  cut  aware  Tire  stream  is  subject  to  very 
sudden  freshets,  and  dnring  hearw  rains  large  quantities  of  surface 
soil  are  eroded.  The  fall  of  the  stream  from  its  soui-ce  to  tlie  gaging 
station  is  about  GOO  feet  in  2S  miles.  The  average  yearly  i-ainfall 
over  this  watershed  is  from  45  to  50  inches. 

The  gaging  station  is  located  about  one-eighth  mile  above  the 
mouth  of  the  creek,  and  the  records  show  the  discharge  of  practic- 
ally the  entire  drainage  area.  Continuous  records  of  flow  have  been 
obtained  each  year  since  1883,  with  the  exception  of  1000,  by  the 
Philadelphia  Bureau  of  Water,  Department  of  Public  Works,  under 
the  personal  supervision  of  John  E.  Codman. 

An  automatic  gage  is  used  to  obtain  a continuous  record  of  gage 
height.  The  lower  part  of  the  rating  curve  has  been  developed  from 
the  computed  discharge  over  a weir,  and  the  discharge  at  high  stages 
is  determined  from  a curve  developed  from  -current-meter  measure- 
ments. The  rating  curve  is  well  defined. 

The  following  data  have  been  furnished  by  the  Philadelphia  Bu- 
reau of  Water.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 


DAILY  DISCHARGE  OP  TOHICKON  CREEK,  AT  I'OINT  PLEASANT,  BUCKS  COUNTY,  PENNA. 
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ESTIMATED  MONTHT.Y  DISCEIAIiaE  OF  TOIIICKON  CREEK,  AT  POIXT 
PLEASANT,  BUCKS  COUNTY,  PA. 

(Drainage  area  102  square  miles.) 


MOXTfl. 

Djschaiyse  in 

Second-foet. 

Knn-oIT. 

Maxbniun.  'M'niAunn. 

O.Iean. 

Second-f-’ot 
per  square 
mile. 

Depth  in 
iiu-hes. 

1912. 

January 

8?2  1 

47 

193 

1.922 

2.21t; 

Fcbniary,  

v;-!3 

2i) 

372 

3.647 

3.034 

Mar''!i,  

SnCO 

51 

706 

0.922 

7. 9^0 

Afj'il,  

."IG 

4S 

173 

1.696 

l.SfM 



t;2: 

13 

lis 

1.157 

1.331 

Juno 

2‘i  ■ 

C 

11 

.lOS 

.121 

•Tolv,  

12 

3 

6 

.C69 

.063 

Anuust 

410  : 

5 

37 

.363 

.-119 

Soi  t'-mber,  

;i_3 

5 

122 

1.196 

l.c3'. 

October,  

24  r. 

6 

204 

2.000 

2.3C-6 

Novemlter 

14S9  : 

42 

230 

2.451 

2.731 

Ix-cc  inber,  

g:gi  ‘ 

43 

310 

3.C39 

3.504 

The  yeai',  

3 00  * 

3 

2C9 

2.047 

27.S41 

DELAWARE  UASIN— STATION  NO.  IL 


NESHAMIKY 


CREEK  BELOW  THE  FORKS,  HEAR  RUSH- 
LAND,  PA. 


Nesliamiiir  cieek  rises  in  the  eastern  part  of  Montgomery  county, 
Pa.,  flows  in  a southeasterly  and  southerly'  course,  and  enters  Dela- 
ware river  at  a point  about  12  miles  above  Philadelnliia.  The  drain- 
age area,  measured  at  the  forks  of  tlie  Big  and  Little  Neshaniiny, 
is  139  square  miles,  mostly  farm  land  in  a high  state  of  cultivation, 
the  original  forest  growth  h.aving  been  almost  entirely  cut  away. 
The  stream  is  subject  to  very  srrdden  freshets,  and  during  heavy 
rains  large  quantities  of  surface  soil  are  eroded.  Tlie  fall  of  the 
stream  from  its  source  to  the  gaging  station  is  about  GOO  feet  in  27 
miles.  The  average  yearly  rainfall  over  this  watershed  is  from  40 
to  50  inches. 

The  gaging  station  is  located  a short  distance  below  the  junction 
of  Big  and  Little  Nesharniny  creeks,  and  the  dLsclrarge  represents 
about  one-half  of  the  total  drainage  area  of  the  sticain.  Continuous 
records  of  discliaige  have  Ireen  obtained  since  ISSl  by  the  Philadel- 
phia Buieair  of  Water,  Dep-artment  of  Public  Ydoiks,  under  the  per- 
sonal supervision  of  John  E.  Codman,  by  whom  the  records  have 
been  furnished. 


56 


An  automatic  gage  is  used  to  obtain  a continuous  record  of 
gage  height.  The  lower  part  of  the  rating  curve  has  been  developed 
from  the  computed  discharge  over  a weir,  and  the  discharge  at  high 
stages  is  determined  from  a curve  developed  from  current  meter 
measuiemeuts.  The  rating  curve  is  well  defined. 

The  following  data  have  been  furnished  by  the  Philadelphia  Bu- 
reau of  Water.  The  data  jnior  to  1912  will  be  found  in  the  1910-11 
Bepoi't  of  the  Water  Supply  Commission. 


DAILY  DISCHARGE  OF  NESHAMINY  CREEK  BELOW  THE  FORKS,  BUCKS  COUNTY,  PENNA. 
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i:STmATKiJ  ^([OXTHr.Y  DISCHARGE  OE  NESHAIMINY  GREEK  BELOW 
THE  FORKS,  BUCKS  COUNTY,  PA. 

(Drainafjc  area  139  square  miles.) 


MftXTII. 

1 btschari^e  in  SocenJ-feot. 

Ivun  off. 

Maxinimn. 

Alininitim. 

Moan. 

Sppond'f  -et 
I'cr  stiuare 

m.lD. 

Oepth  in 
incites. 

VAl. 

January 

vsr 

9U 

220 

1.583 

1.S25 

rchrnarv 

2r>34 

109 

477 

3.432 

3.701 

Marnli,  

40:3 

76 

759 

5.460 

6.295 



i^iii; 

101 

24S 

1.7Si 

1.990 

Mav 

4i<; 

42 

130 

0.53.5 

1.078 

Juno 

r-i 

13 

27 

0.194 

0.216 

Jlll.7,  

'>2 

11 

20 

0.144 

0.166 

August,  

1 '.'3 

10 

89 

0.640 

0.73S 

Scilcinhor,  

12 

117 

0.S42 

0.939 

OctoixT,  

3 31 

12 

2S5 

2.050 

2.363 

NoYoniliiT 

D li'i 

73 

252 

1.813 

2.023 

l)(‘Combor,  

1 

g; 

31S 

2.504 

2.887 

The  .ri'ai- 

10 

2 IS 

1.7S2 

21.221 

DELA..V:ARE  BASIN— station  no.  16. 


PERKIOMEI'I 


CREEK,  REAR 


FREDERICS  (SPRISG  MOUNT), 
PA. 


I’ei-kioiiien  cieek  rises  in  tlic  western  part  of  Bucks  county,  Pa., 
flows  soulliwaid,  and  discliaiges  into  the  Scliuylkill  about  7 miles 
above  Norristown  and  IS  miles  above  Philadelpliia.  Its  drainage 
area  comprises  about  345  S(piare  miles.  The  area  is  mostly  in  faun 
land  under  a lugli  state  of  cultivation,  the  original  forest  growth 
Iiaving  been  almost  entirely  cut  a^va3^  Tlie  stream  is  subject  to 
\ ery  sudden  fv^diets,  and  dniiiig  lieavy  rains  large  quantities  of  sur- 
face soil  are  eroded.  The  fall  of  the  creek  from  its  source  to  the 
gaging  slation  is  about  SOO  feet  in  24  miles.  The  average  jTarly 
raiid'all  over  this  rvatershed  is  from  40  to  oO  inches. 

Continuous  records  of  discharge  have  been  obtained  since  18S4 
by  the  Philadelphia  Bureau  of  Water,  Department  of  Public  Works, 
under  the  personal  supervision  of  John  E.  Codman,  by  whom  the 
following  records  have  been  furnished.  The  gaging  station  is  located 
about  12  miles  above  the  mouih  of  the  creek,  above  the  East  Branch, 
and  the  discharge  represents  about  one-third  of  the  total  area  drained 
by  tire  stream. 

Arr  autonratic  gage  is  used  to  obtain  a contirruous  record  of  gage 
height.  The  lower  part  of  the  r-atiug  curve  has  been  developed  from 
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the  computed  discharge  over  a weir,  and  the  discharge  at  high  stages 
is  determined  from  a curve  developed  from  current  meter  measure- 
ments. The  rating  curve  is  well  defined. 

The  following  data  have  been  furnished  by  the  Philadelphia  Bu- 
reau of  Water.  The  data  prior  to  1912  will  be  found  in  tlie  1910-11 
Beport  of  the  Water  Supply  Commission. 


DAIi'A’  DISCHARGE  OF  PERKIOMEN  CREEK,  AT  FREDERICK,  (SPRING  MOUNT)  MONTGOMERY  COUNTY,  PENNA. 
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ESTIMATED  IMONTHLY  DISCHARGE  OF  PERKIOMEN  CREEK,  AT 
FREDERICK,  (SPRING  :M0UNT),  MONTGOMERY  COUNTY. 

(Drainage  area  152  square  miles.) 


Discharge  in  Secoml  feet,  liuii  off. 


MONTH. 


Maximum. 

Minimum. 

Moan 

Second-feet 
per  square 
m.le. 

Depth  in 
inches. 

1D12. 

January 

94V 

167 

265 

1.743 

2.010 

February.  • 

142 

494 

3.250 

3.50G 

March,  

4670 

88 

S7S 

£>.'<  <6 

6.6'.9 

April,  

Mav 

636 

13f 

246 

1.61S 

1.805 

1248 

80 

256 

1.684 

1.941 

June,  

19S 

36 

70 

.461 

.514 

July,  

IGS 

30 

59 

.3S8 

.44^^ 

Auirust 

666 

23 

117 

.770 

.sss 

September,  

3783 

36 

270 

1.776 

1.982 

October,  

172S 

3-5 

1S5 

1.217 

1.403 

November,  

1066 

93 

246 

1.618 

l.SC^ 

December 

3909 

S2 

361 

2.375 

2.73S 

The  year - 

4G70 

23 

2>7 

1.890 

2.5.693 

DEUA’SYARE  BASIN— STATION  NO.  17. 


SCHUYLKILL  RIVER  AT  PHILADELPHIA,  PA. 


Sclmvlkill  river  rises  in  the  central  jiart  of  Schuylkill  county, 
Pa.,  in  two  branches,  which  join  at  Schuylkill  Haven,  flows  south- 
eastward, and  unites  with  the  Delaware  river  at  Philadelphia.  Its 
length  to  the  forks  is  about  113  miles,  and  its  drainage  area  measures 
about  1,920  square  miles.  The  headwaters  of  the  river  lie  in  a moun- 
tainous, coal-bearing  region,  but  2.5  or  30  miles  belovv’  its  source  it 
enters  a more  highly  cultivated  country  and  the  slope  becomes  more 
gentle.  There  are  few  natural  lakes  in  -the  basin,  but  numerous 
reservoirs  have  been  constructed  for  the  benefit  of  navigation  and 
water  supply.  The  low  water  flow  is  augmented  by  mine  drainage. 
Severe  floods  have  been  frequent,  the  greatest  in  recent  years  being 
that  of  March,  1902.  The  Schuylkill  is  navigable  for  ocean-going 
vessels  only  as  far  as  Fairmount,  S.l  miles  from  its  mouth,  where 
the  first  dam  is  built  across  the  river,  while  above  that  point  it  is 
navigable  for  river  barges  as  far  as  Port  Clinton,  98  miles  above  its 
mouth.  The  elevation  of  the  river  at  the  forks  is  550  feet,  and  at 
the  mouth  0.  A part  of  the  water  supply  for  the  City  of  Philadel- 
phia comes  from  the  Schuylkill,  while  many  other  towns  and  cities 
use  the  river  and  its  tributaries.  The  river  receives  a large  amount 
of  pollution  from  various  sources,  including  a vast  amount  of  cnlm 
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fiom  tlie  coal  mines.  The  average  yearly  rainfall  over  this  water- 
shed  vai-ies  coiisiderahly,  langing  between  40  and  55  inches,  the 
upper  ]K)i4ion  of  llie  watershed  receiving  the  heaviest  i)recipitation 
in  the  State. 

Itecords  of  the  height  of  the  river  at  Fairmount  Pool  have  been 
ke])t  for  many  years,  hut  not  in  such  foi-m  as  to  be  useful  for  the 
computation  of  daily  discharges.  Since  1903,  howevei-,  daily  dis- 
charges have  been  computed.  The  station  is  located  at  the  Pair- 
mount  dam,  Pliiladelphia.  The  comjmted  dailj"  discharges  represent 
the  total  tiow  of  the  river  as  determined  from  the  amount  wasted 
over  the  ilashl)oaids  at  the  Fairmount  dam,  the  pumpage  from  the 
river,  the  leakage,  and  the  (prantity  used  for  power  at  Fairmount. 

The  following  data  have  been  furnished  l)y  the  Philadelphia  Bu- 
reau of  Water.  The  data  jnior  to  1912  will  be  found  in  the  1910-11 
Beport  of  the  Water  Suji]>ly  Commission. 


DAILY  DISCHARGE  OF  SCHUYLKILL  RIVER  AT  FAIRMOUNT  DAM,  PHILADELPHIA,  PA. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  SCHUYLKILL  RIVER,  AT  FAIR- 

:mount  dam,  phila.,  pa. 

(Drainage  area  1,920  square  miles.) 


MONTII.  ^ 

Discharge  in  Second-feet. 

lluu-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

mz. 

Januarj,  

3:69 

963 

1882 

0.980 

1.130 

FcbiTiary,  

19310 

512 

3506 

1.826 

1.970 

March,  

35101 

1236 

7807 

4.066 

4.688 

April,  

6301 

2374 

3617 

1.S84 

2.102 

May,  

6120 

1099 

2366 

1.232 

1.420 

June 

July,  

ir>7i 

311 

641 

0.331 

0.372 

12^7 

312 

615 

0.320 

0.369 

Au^^ust 

4809 

356 
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DARBY  CREEK. 


DESCRIPTION  or  BASIN. 


Darljy  creek,  a tributary  ot  the  llelarvare  river,  at  Essington, 
I’hiladelpliia  county,  diaaius  approximately  78  square  miles  iii  Ches- 
ter, ITiiladelpliia  and  Delaware  counties.  Rising  in  the  north- 
western part  of  Chester  county,  jnst  south  of  Malvern  station,  it 
follows  a general  northeasterly  direction,  through  a thickly  popu- 
lated, deforested,  rolling  agricultural  region  to  the  tidal  swamps 
of  the  Delaware  jiver,  just  below  Darby  borough,  where  it  turns 
southwestward  along  the  western  side  of  the  swamp  to  its  mouth,  a 
total  length  of  apj^roximatel}"  24  miles.  Its  source  lies  at  an  eleva- 
tion of  about  475  feet  above  sea  level,  and  its  mouth  at  sea  level. 
In  its  upper  section  the  slope  of  the  stream  is  steep,  while  in  the 
lower  section  it  is  very  tlat.  The  principal  trilmtary  is  Robbs  creek, 
which  enters  it  six  miles  above  its  mouth.  A few  mills  operated  by 
waterpower  exist  on  this  stream. 

The  average  yearly  rainfall  over  this  watershed  is  from  45  to  50 
inches. 

The  flow  has  been  measured  since  July  31st,  1911,  at  Lansdowne, 
approximately  8 miles  above  the  mouth,  above  which  point  the  tribu- 
tary drainage  area  is  35  square  miles. 
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DELAWARE  BASIN— STATION  NO.  18. 

DARBY  CREEK  AT  LANSDOWNE. 

DESCRIPTION  OF  STATION. 

This  Station  was  established  July  Jl,  1911,  by  the  Water  Su]»ply 
Comniissioii  of  Pennsylvania.  A 1(1  foot  staff  gage  has  been  fastened 
to  a large  tree  which  projects  over  the  water  on  the  right  bank  of 
the  stieain,  about  3(10  feet  n])streain  from  a single  span,  through 
truss,  highway  biidge,  near  the  greenhouse  of  C.  11.  Bakei-.  A high 
water  staff  gage  graduated  above  3 feet,  is  fastened  to  a large  tree 
a short  distance  from  the  10  foot  gage  and  is  referred  to  the  same 
datum. 

Discharge  measurements  at  low  and  normal  stages  of  the  creek 
are  made  by  wading  near  the  gage  and  at  high  water  stages  from  the 
highway  bridge.  The  initial  point  for  soundings  is  the  right  end  of 
upstream  handrail  on  bridge.  B.  M.  No.  1 is  on  top  of  spike  in 
groove  cut  in  root  of  a large  white  walnut  tree  on  south  bank, 
13  paces  from  low  water  gage  and  10  paces  from  high  water- 
gage,  and  is  painted  B.  M. ; elevation  6.603  feet  above  zero 
of  gage.  The  creek  channel  is  straight  for  approximately  30  feet 
above  the  gage  and  600  feet  below  it.  At  wading  section  the  bed 
is  small  stones  and  mud,  and  at  the  lu'idge  the  bottom  is  mud  and 
liable  to  changes  in  depth.  Neither  bank  at  the  bridge  section  over- 
flows at  high  stages.  Slack  water  from  the  dam  of  the  Garrett  Paper- 
Mill  extends  to  a poirrt  aboirt  100  feet  above  the  bridge  and  200  feet 
below  the  gage,  however,  there  is  a fair  flow  under  the  bridge,  ex- 
cept at  extreme  low  water.  This  gage  is  read  twice  daily  by  C. 
H.  Baker. 

Since  the  establishment  of  this  station  3 discharge  measurements 
have  been  made.  No  rating  curve  has  been  determined,  and  only  the 
discharge  measrrrements  and  gage  heights  have  been  published.  The 
data  prior  to  1912  will  be  found  in  the  1910-11  Report  of  the  Watei- 
Supply  Commission. 


DISCHARGE  HEASURIDIENTS  OF  DARBY  ('REEK,  AT  LANSIXJWNE, 
DEf.AWARE  COUNTY,  PENNA. 

(Dt'dimifie  area  35  square  miles.) 


DAir.Y  MEAN  GAGE  HEIGHTS  OF  DARBY  CREEK,  AT  LANSDOWNE,  DELAWARE  COUNTY,  PENNSYLVANIA. 
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BRANDYWINE  CREEK. 


DESCRIPTION  OF  BASIN, 

B.aiulywiiie  creek,  a large  tiibutaiy  of  the  DelaAvare  river,  in 
Peuiisylvaiiia,  wliicli  yasses  thioiigli  the  uortheru  part  of  the  State 
of  Delaware,  and  enters  the  liver  just  below  Wilmington,  drains  ap- 
proximately 300  square  miles  in  Pennsylvania.  Rising  in  two 
branches,  the  east  and  west,  which  head  on  the  western  edge  of  Ches- 
ter county,  in  the  Welsh  Mountains,  within  a few  miles  of  each  other, 
these  branches  diverge,  one  passing  through  Downingtown,  and  the 
other  thioirgh  Coatesville,  about  10  miles  apart,  and  then  meet  about 
one  mile  north  of  Lenape,  in  the  south-central  part  of  Chester 
countj'.  The  stream  and  iis  branches  How  in  a general  sorrtherly 
direction  through  a rolling  country,  thickly  populated,  well  de- 
veloped agriculturally  and  inactically  deforested,  its  total  length 
in  Pennsylvania  being  about  35  miles.  The  elevation  of  the  sources 
of  the  two  branches  is  about  900  feet  ; at  the  State  line  it  is  140  feet, 
and  at  the  mouth  sea  level.  The  slope  of  the  stream  is  gradual,  but 
steep  enough  to  cause  small  waterpowers  to  be  extensively  developed 
along  it  and  its  branches.  On  the  drainage  basin  lie  numerous  towns 
and  villages,  several  of  which  obtain  water  from  the  branches.  The 
average  yearly  rainfall  over  this  watershed  is  from  45  to  50  inches. 

The  flow  of  this  stream  has  been  measured  since  August  1st,  1911, 
at  Chadds  Ford,  near  the  Pennsylvania-Delaware  State  line,  about 
10  miles  above  the  mouth,  the  drainage  area  above  the  gage  being 
approximately  285  square  miles. 


DELAWARE  BASIN— STATION  NO.  19. 


BRANDYWINE  CREEK  AT  CHADDS  FORD. 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  Augrrst  1st,  1911,  by  the  Water 
Supply  Commission  of  I’ennsylvania.  It  is  located  on  a two-span, 
iron  girder  bridge  of  the  Pennsylvania  Railroad,  with  foot-path 
along  the  npstream  side,  which  crosses  the  creek  at  this  point.  A 
standard  chain  gage  is  bolted  to  the  rail  of  tlie  foot  patliway,  on  the 
npstream  side  in  the  left  span.  The  length  of  chain  from  center 
of  rivet  to  bottom  of  weight  is  24.00  feet. 


ns 

I )it^cli:ii  iiieasui  eiiUMits  ai  e made  from  tlie  foot-]»ath  at  all  times 
as  wading’  is  ]»ia(dieally  iiiipossihle  on  aeeonnt  ot  the  deplli  of  water. 
The  initial  jioint  t(»r  sonndings  is  a cross  mark  cnt  in  the  hand  rail 
near  face  of  left  ahntinent.  The  hencli  mark  is  outside  upstream 
cornel'  of  left  hridi^e  seat  stone;  elevation  18.4!)  feet  above  zero  of 
gage.  The  channel  above  tbe  l»ridge  is  straight  for  150  feet,  then 
cnrves  to  the  west,  the  tail  lace  of  a miil  entei  ing  the  stream  on  the 
left  bank  about  150  feet  above  the  bridge;  below  the  bridge  the  chan- 
nel is  stiaight  foi'  1250  feet,  and  then  cnrves  to  the  west.  The  bed  of 
the  stream  is  mnd,  gravel  and  stones,  and  fairly'  permanent.  The 
left  bank  of  the  stream  at  the  biidge  is  the  railroad  embankment, 
and  abutment,  and  is  high  and  steeji,  and  does  not  overtlow.  The 
l ight  bank  of  the  ci  eek  iti  ()];ei'  is  low  and  flat  and  at  high  stages 
water  Hoods  over  a Hat  (iOO  feet  wide,  under  the  wooden  trestle  of 
the  I’ennsylvania  Kailioad.  Fi-om  this  trestle  in  high  water  periods 
it  will  be  necessary  to  measme  the  overtlow  water.  The  gage  is 
read  twice  daily  by  hi.  d.  Keynolds. 

Since  the  establishment  of  this  station  (i  discharge  measurements 
have  been  made.  No  rating  curve  bas  been  determined,  and  only  the 
discharge  measurements  and  gage  heights  have  been  imblished.  The 
data  jirior  to  101-  will  be  fonnd  in  the  1010-11  Keport  of  tlie  Water 
Snpi>ly  t'ommission. 


I)ISCiiau(;e  mmasuue^[mxts  oe  p.raxhywine  creek,  at  chadds 
EORl),  DELAWARE  COUXTY,  PEXXA. 

(Ih'diiKif/e  area  2So  square  miles.) 


o 

o 

N’l). 

Date. 

Ilyilrograplier. 

Vj 

o 

o 

'll 

'o 

<a) 

tc 

Keinarks. 

o 

rt 

*-> 

r- 

- 

o 

T, 

0/ 

•A 

V 

fT, 

- 

Feet. 

S(|. 

Ft. 

per 

Feet. 

S(‘0. 

1012 

ft. 

Se<*. 

ft. 

0.6  insmt. 

5 

.Ti  ly  3, 

107 

so: 

0.76 

1.29 

229 

t) 

1013 

Feb.  !!♦. 

KecUord  and  r.atlcy. 

10^ 

366 

1.00 

1.73 

305 

0.6  iiismt. 

DAir.y  MEAN  GAGE  HEIGHTS  OF  BRANDYWINE  CREEK  AT  CHADDS  FORD.  DELAWARE  COUNTY,  PENNA. 
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GAGING  STATIONS  IN  SUSQUEHANNA  BASIN. 
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CHENANGO  RIVER. 


DESCRIPTION  OF  BASIN. 

Chenango  river  rises  in  the  central  part  of  Madison  county,  New 
York,  and  flows  southward  into  the  Susquehanna  river  at  Bingham- 
ton, N.  Y.  It  is  ai>proximately  seventy  miles  long  and  its  drainage 
area  comprises  about  1,580  square  miles.  Its  headwater  valleys  lie 
at  an  elevation  of  about  1,200  feet  above  sea  level,  and  its  mouth  is 
80-1  feet  al)ove  tide.  Its  bed  is,  as  a rule,  composed  of  sand  and 
gravel  and  the  stream  is  bordered,  in  main-  i)laces,  by  bottom  land, 
subject  to  overflow.  A ])Oition  of  the  headwaters  are  diverted  across 
the  Chenaiigo-Mohawk  Divide,  through  Oriskany  creek,  to  feed  the 
summit  level  of  the  Erie  Canal. 

Consideiable  power  is  develo]ied  at  Binghamton  and  at  Port  Dick- 
inson, three  miles  above. 

The  mean  annual  {oc  iiiitatinn  over  this  water  shed  is  from  35 
to  40  inches. 

The  <]ischaige  of  this  stream  was  measured  fi-oin  July  31st,  1901, 
to  l)ecend)er  31st,  1!»11,  at  Binghamton,  N.  Y.,  near  its  mouth,  al- 
though several  discharge  measurements  were  obtained  during  1912. 


SUSQUEHANNA  BASIN-STATION  NO.  1. 


CHENANGO  RIVER  AT  BINGHAMTON,  N.  Y, 


DESCRIPTION  OF  STATION. 

This  sTation  was  established  July  31st,  1901,  by  the  United  Stab's 
(Jeological  Survey,  and  was  niaintained  throngh  co-operation  with 
the  New  York  State  Engineer  until  December  31st,  1911,  when  the 
station  was  discontinued.  There  were,  however,  several  discharge 
measurements  taken  during  11»12,  as  well  as  gage  heights  for  a short 
period,  the  latter  being  unreliable  and  the  station  discontinued  as 
al)Ove  stated.  It  was  located  on  the  Court  Street  Bridge,  at  Bing- 
hamton, N.  Y. 

The  channel  was  obstructed  by  three  masonry  piers.  A small 
rift  between  the  station  ani  the  confluence  of  Chenango  river  with 
the  Susquehanna  river,  abcut  2,500  feet  below  cuts  off  back  water 
at  ordinary  stages  of  the  rivers.  The  bridge  crosses  the  stream  at 
right  angles  and  the  bed  is  of  gravel  and  small  cobble  stones,  there 
being  a smooth,  uniform  current. 
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Discliaige  measurements  were  made  from  the  Court  Street  Bridge. 
A boxed  wire  gage  was  fastened  to  the  vertical  supports  of  the 
hand-rail  on  tlic  upstream  side  of  the  first  span  from  the  right  bank. 
The  bench  mark  was  a ciicrrlar  chiselled  draft  on  the  upstream  cor- 
ner of  the  bridge  seat  on  the  left  abutment,  its  elevation  being  34.02 
feet  above  gage  datum. 

In  estimating  the  rrrii-off  of  Chenango  river,  the  area  directly 
tributary  to  storage  reservoiis,  fiom  which  diversion  is  made  to  sup- 
ply the  Erie  Canal,  has  been  deducted  from  the  total  natural  drain- 
age area.  The  diversion  area  of  six  reservoirs  at  the  head  of  Chenan- 
go river,  whose  outflow  is  turned  into  the  Erie  Canal  through  Lime- 
stone creek,  is  30  square  rrr’iles.  The  diversion  area  of  De  Erryter 
reservoir,  at  the  head  of  Tioghuigo  river,  whose  outflow  is  turned 
into  the  Erie  Canal  through  Limestone  creek,  is  IS  square  miles. 
These  two  areas  have  been  srrbtracted  from  the  natural  drainage 
area  of  1,580  sqrrare  miles,  giving  an  effective  area  of  1,532  square 
miles.  This  estirrrate  is  approxirrrate,  as  no  allowarrce  for  direct  in- 
flow to  feeder  channels  from  additional  areas,  nor  for  waste  into  the 
original  stream,  has  been  made.  Tlie  gross  area  from  which  more 
or  less  run-off  is  diverted  is  about  105  sqrrare  miles. 

There  is  a low  dam  about  one  mile  irpstream  from  the  gaging  sta- 
tion. For -periods  during  freshets,  or  at  times  when  there  is  an  ab- 
normal rise  on  one  stream,  accompanied  by  a similar  rise  in  the 
other  stieam,  either  the  Chenango  or  Susquehanna  river  record  at 
Binghamtcn  may  be  afiected  by  backwater,  indicating  a too  great 
discharge.  For  Leshets  of  considerable  duiation  the  flow  of  the  two 
streams  will  be  more  nearly  eqrralized.  During  the  winter  rironths 
the  discharge  is  usually  very  little  affected  by  the  presence  of  ice. 

Since  the  establishment  of  this  station  57  discharge  measrrre- 
ments  have  been  made. 

The  following  data  have  been  frrrnished  by  the  United  States 
Geological  Survey.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  Report  of  the  Water  Supply  Commission. 
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DLSCHAliOE  MEASUREMENTS  OF  CHENANGO  RIVER,  AT  BINGHAM- 
TON, N.  Y. 


(Drainaf/e  area,  1,530  square  mUcs.) 


No. 

I 

Date. 

llydrograpber. 

1 

1 

Width. 

I| 

1 

Area  of  section. 

1 

Mean  velocity.  ! 

i 

i 

Gage  height. 

oJ 

rt 

.a 

o 

m 

Itemarks. 

Ft. 

Feet. 

S(i. 

lUH- 

Feet . 

Sec. 

1912 

ft. 

sec. 

ft. 

53 

Feb,  21, 

Ue  Golver,  

295 

700 

1.93 

G.21 

1350 

Open  water  insmt.  with 

• 

-^oine  ice  at  control. 

54 

Mar.  17. 

Covert 

30"^ 

3:)G( 

2.93 

15.28 

11600 

Fromm  need  buck  water 

(‘ft'ect  from  high  water 

in  Sustiiiebanna. 

.s 

Mar.  20, 

(.'OVtM-t 

308 

33.50 

4.72 

14.46 

15800 

56 

Ajiril  5, 

Weber,  

308 

2190 

3.S2 

11.04 

8350 

tii 

April  6, 

Weber 

3118 

2610 

5.C'6 

12.67 

132G0 

NORTH  BRANCH  OF  SUSQUEHANNA  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Noith  Uiaiicli  of  the  Sus([uehaniia  iivei%  wliicli  joins  the 
West  liianeh  at  NoitlinniheilaiKl  to  foiin  the  luaiu  Susquehanna 
liver,  drains  a total  area  of  H.tS.t  sqnaie  miles,  of  which  (>,270  lie 
in  I'eniisylvania,  and  r).21.'')  in  New  Yoi  k State.  This  Branch  rises 
in  the  Uatskill  Monniains.  in  southeastern  New  York,  close  to  the 
headwateis  of  the  Delaware  river.  Hows  in  a general  sonth- 
westeidy  conise  info  Bennsylvania  near  the  northeastern  corner  of 
the  slate,  and,  fornung  a loo|)  ahont  16  miles  in  length,  again  enters 
New  York  state,  where  it  continues  westerly,  finally  turning  south- 
ward into  Pennsvdvania,  just  north  of  Sayre,  Bradford  county,  and 
fidlows  a southeasterlv  conise  to  Wilkes-Barre,  and  thence  south- 
westerly to  its  junction  with  the  West  Bi'anch.  The  total  length 
of  the  river,  to  the  forks  at  Oneonta,  N.  Y.,  is  apjiroximately  290 
miles.  From  its  headwateis  to  near  wheie  it  crosses  into  Pennsyl- 
vania for  the  second  time,  this  stream  flows  through  a well  popu- 
lated, agricultural  area,  the  mountains  being  fairly  well  covered  with 
second  growth  timber,  the  channel  lying  in  a narrow  valley.  Just 
above  Sa3n  e the  river  Hows  through  a wide,  ojien,  thickly  settled, 
farming  countiyy  but  as  it  enters  Peiims^dvania  it  changes  to  a nar- 
row valley,  bounded  b_v  bills  400  to  600  feet  high,  and  thus  continues, 
jiassing  now  and  then  through  broad  Hats,  to  its  mouth. 

The  iijqier  part  of  the  watershed  in  Pennsylvania  is  thinly  in- 
habited and  md  extensivelj"  farmed,  the  mountains  being  usually 
covered  with  second  growth  timber,  but  from  the  mouth  of  the  Lacka- 
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waima  river,  10  miles  al)Ove  Wilkes-Barre,  to  its  month,  the  basin  is 
densely  settled.  In  this  section  lies  the  Wyoming  Valley  anthracite 
coal  held.  Fonr  cities,  Bittston,  Scranton,  Carbondale  and  Wilkes- 
Barre,  many  large  boronghs  and  nnmerons  farming  and  mining  vil- 
lages are  fonnd  in  this  drainage  area  in  Pennsylvania,  besides  which 
some  cities  and  boronghs  of  New  York  State  ahso  lie  in  this  water- 
shed. 

The  sloite  of  the  stream  in  Pennsylvania  is  not  steep,  howing,  as 
it  does,  throngh  a succession  of  rapids  and  pools,  and  follows  a nni- 
form  rate  of  al)ont  two  feet  ])er  mile  to  its  month.  All  bnt  a small 
portion  of  the  basin,  near  the  month,  lies  within  the  glacial  area. 
The  snb-basins,  lying  within  the  glacial  area,  abound  in  lakes,  ponds 
and  swani])s,  and  a few  of  these  basins  are  still  well  forested. 

The  ]»iinci](al  tributaries  in  New  York  are  the  Chenango  and  Una- 
dilla  livers,  and  in  Pennsylvania  the  Chemung  and  Lackawanna 
livers,  Towanda,  Wyalnsing,  Tniikhannock  and  Fishing  creeks. 

Nnmerons  domestic  water  sniijilies  are  taken  from  tributaries  of 
the  North  Bianch  and  a few  from  the  parent  stream,  which  is  also 
used  to  some  extent  for  industrial  jmrposes.  Water  power  is  de- 
veloped only  to  a limited  extent. 

For  many  years  the  large  coal  mining  companies  in  this  region 
have  been  dumping  cnlm  and  refuse  matter  into  the  river  and  its 
tributaries,  until  at  the  present  time  the  pools  and  many  channels 
between  the  month  of  the  Lackawanna  river  and  Snnbnry  are  filled 
to  depths  varying  from  fonr  to  25  feet,  thus  obstructing  the  tlow, 
jiollnting  the  river  and,  in  time  of  floods,  causing  damage,  both  by 
reason  of  the  blocking  of  the  channels  and  of  the  culm  being  de- 
posited on  valuable  farm  lands. 

The  river  is  not  used  for  navigation,  being  too  shallow  and  swift. 

Over  the  greater  juirtion  of  this  basin  tlierejs  an  average  annual 
precipitation  of  .‘>5  to  40  inches,  while  a small  stri])  to  the  southeast 
of  the  stream,  from  Northnmberland  to  Scranton,  receives  from  40 
to  45  inches. 

The  flow  has  been  measured  at  Binghamton,  N.  Y.,  since  Jnly  31, 
1901;  at  Wilkes-Barre,  Pa.,  since  March  30,  1S90,  07  miles  above 
the  month;  and  at  Danville,  Pa.,  since  March  25,  1899,  12  miles  above 
the  mouth. 
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SUSQUEHANNA  BASIN— STATION  NO.  2. 


NORTH  BRANCH  OF  SUSQUEHANNA  RIVER  AT  BING- 
HAMTON, N.  Y. 


DESCRIPTION  OF  STATION. 

This  station  was  establislied  July  Jlst,  1901,  by  the  United  States 
Geological  Survey,  and  has  since  been  inaintaiued  in  co-operation 
with  the  New  York  State  Engineer.  It  is  located  at  the  Washing- 
ton Street  Bridge,  about  800  leet  upstream  from  the  junction  of 
Chenango  and  Susiiuehanna  rivers. 

The  channel  is  straight  for  about  500  feet  above  and  below  the 
bridge,  and  is  about  300  feet  wide  at  low  water  and  about  450  feet 
wide  at  high  water.  The  bed  is  of  gravel  and  small  stones. 

Discharge  measuiements  are  juade  from  (he  Exchange  Street 
Bi  idge,  1,900  feet  ui>stream  from  the  Washington  Street  Bridge,  on 
account  of  the  unfavorable  conditions  produced  by  a rift  which  ex- 
tends diagonally  across  the  stream  Tinderneath  the  latter  bridge. 

A standard  chain  gage  is  attached  to  the  upstream  side  of  the 
left  span  of  the  Washington  Street  Bridge.  The  gage  is  upstream 
from  the  crest  of  the  rift  and  over  a stretch  of  smooth  water  ex- 
tending to  a dam  aboul  2,800  feet  above.  The  length  of  chain  from 
the  bottom  of  weight  to  the  marker  is  26.17  feet;  the  elevation  of 
zero  is  arbitraiw.  The  Bench  Mark  is  a chiselled  draft  on  the  cor- 
ner of  the  left  bridge  abutment,  on  the  upstream  side;  elevation  23.- 
71  feet  above  gage  datum.  The  gage  is  read  twice  daily. 

I )uriug  the  winter  months  the  discharge  is  usually  affected  but 
little  by  the  ice  conditions.  High  water  estimates  are  liable  to  con- 
siderable error,  due  to  backwater  conditions  from  ice  jams,  which 
form  near  Willow  Point  and  also  from  high  water  conditions  in  the 
Chenango. 

Since  the  establishment  of  this  station  57  discharge  measurements 
liave  been  made. 

The  following  data  have  been  furnished  by  the  Unites  States  Geo- 
logical Surve}'.  The  data  ])iior  to  1912  will  be  found  in  the  1910-11 
I'cport  of  the  Water  Sui)ply  Commission. 
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DISCHARGE  MEASUREMENTS  OP  NORTH  BRANCH  SUSQUEHANNA 
RIVER,  AT  BINGHAMTON,  N.  Y. 

(Drainage  area  2,i00  square  miles.) 


No. 

Date. 

Hydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 
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Feet. 
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ft. 
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per 
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5.88 
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10.6S 
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24100 
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street 

Mar. 

19. 

McMillan 

3.11 

3370 

4.47 

9.CS 

16300 

bridge. 

From  Exchange 

Street 

54 

Mav. 

20, 

McMillan 

357 

413U 

1.77 

10.07 

19500 

bridge. 

From  Exchange 

Street 

55 

April 

6, 

Weber,  

352 

3340 

4.21 

8.70 

17r730 
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From  Exchange 

Street 

56 

April 

7. 

Weber,  

362 

3970 

4.54 

10.40 

inooo 

bridge. 

From  Exchange 

street 

57 

July 

24, 

Weber 

23fi 

315 

1.13 

1.87 

355 

bridge. 

Wading  measurement. 

DISCHARGE  TABl.E  FOR  NORTH  BRANCH  SUSQUEHANNA  RIVER,  AT 
BINGHAMTON,  N.  Y.  FROM  JAN.  1,  1911,  TO  DEC.  31,  1912. 
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Note.  Ihe  discharge  has  been  reduced  on  those  days  when  the  gage  heights  were  affected  by  backwater  from  the  Chenango  River. 
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BSTi:NrATEI)  MONTHLY  DISCHAIlOE  OF  X.  BR.  SUSQUEHANNA  RIVER 

AT  BINGHAMTON,  N.  Y. 

(Drainaoe  area,  2,Ji00  square  miles.) 


MONTH. 

Discharge  in  Second-feet. 

Run-off. 

Maximum. 

Mininiiiin. 

Mean. 

Secoiul-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

January,  

5580 

1440 

• 2860 

1.196 

1.370 

February 

9720 

860 

3340 

1.390 

1.5C0 

March,  

33-K>0 

1650 

9960 

4.150 

4.780 

April,  

34500 

4520 

14700 

6.120 

6.830 

May,  

7760 

1650 

3360 

1.400 

1.610 

June,  

2330 

540 

IISO 

0.492 

0.550 

Ji  Iv 

540 

410 

477 

0.199 

0.230 

August,  

2100 

300 

706 

0.294 

0.310 

September 

8600 

690 

2320 

0.967 

1.080 

October 

13000 

1240 

2980 

1.246 

1.430 

November 

13900 

2100 

4410 

1.840 

2.050 

December,  

15400 

1S70 

5100 

2.120 

2.410 

The  year,  

34500' 

300 

4280 

1.784 

24.210 

Note. — The  flischarge  lias  been  redneecl  on  those  days  Tvlien  the  gage  heights  were  affected  by 
backwater  from  the  Chenango  Eivor. 


CHEMUNG  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Chemung  river  is  formed  near  Painted  Post,  in  tlie  south- 
eastern part  of  Steuben  county,  N.  Y.,  by  the  confluence  of  Cohoctou 
and  Tioga  riveis.  Cohoctou  river,  tlie  north  branch,  drains  the  op- 
posite or  southern  slope  of  the  divide  at  the  head  of  Keuka  and 
Cauadaigua  Lakes.  Its  drainage  area  lies  wholly  in  the  State  of 
New  York,  itriucipally  in  Steuben  county  and  comjirises  ajijtroxi- 
mately  GdO  square  miles  above  the  mouth.  Tioga  river  rises  in  Tioga 
county,  Penn’a,  and  flows  northward,  crossing  the  state  line  near 
Lawrenceville,  I'enu'a.  The  last  fifteen  miles  of  its  course  lie  in 
New  York  State.  It  has  about  square  miles  of  drainage  area 

above  its  mouth,  ()89  of  whicli  lie  iii  I’eiiu’a.  About  five  miles  from 
its  mouth  the  Tioga  river  receives,  from  the  left,  Canisteo  river, 
which  ri.ses  in  tlie  northeast  corner  of  Allegheny  county,  N.  Y.,  and 
flows  in  a southeasterly  direction,  draining,  with  its  tributaries,  the 
southern  part  of  Steuben  countv".  Its  drainage  area  compi  ises  about 
540  square  miles. 

The  Chemung  river  flows  southeastward  through  Corning,  Elmira 
and  Chemung,  crosses  the  state  line  and  flows  for  approximately 
two  and  one-half  miles  in  Penn’a,  returns  to  New  York  for  approxi- 
mately two  and  one-half  miles,  and  crosses  again  to  Penn’a  near 
G 
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Waverlj^,  emijtjiiig  into  the  Susqueliaiina  river  near  Athens,  Brad- 
ford conntjq  I'enn’a.  Tlie  total  length  of  the  river  proper  is  about 
forty  miles,  of  which  thirty  miles  lie  in  New  York;  the  drainage 
area  at  the  moulli  being  ai)])roximately  2,520  square  miles,  832  of 
wiiieli  are  in  Pennsylvania. 

The  Chemung  river  is  sluggish  througliout  its  course,  flowing  over 
a wide,  gravellj"  l)ed,  in  a series  of  rifts  and  pools,  and  one  or  the 
other  of  the  liardvs  is  usually  lorv  and  subject  to  frecpient  overflow. 
The  hills  bordering  the  river  rise  to  a height  of  several  hundred  feet 
on  either  side,  within  a short  distance  of  the  stream.  The  upland 
])!ateau  is,  to  a large  extent,  wooded,  has  iinpervious  soil,  no  lake 
storage  and  few  marsh  areas.  Tributaries  are  ramifying  and  uni- 
formly distributed,  though  not  very  numerous,  and  dry  gullies,  or 
flood  channels,  are  common.  The  principal  tributaries  in  Pennsyl- 
vania are  Seely  creek,  South  creek  and  Bently  creek,  all  of  which  join 
the  river  in  New  York  State. 

In  its  wateishetl  in  Pennsylvania  lie  the  1)oroughs  of  Athens,  Sayre 
and  South  AYaverly,  while  in  New  York  are  Corning,  Elmira,  Che- 
mung and  Waverly. 

The  mean  annual  precipitation  over  this  watershed  is  from  35  to 
40  inches. 

The  discharge  of  this  stream  has  been  measured  since  Sept.  7,  1903, 
at  Chemung,  approximately  10  miles  above  its  mouth. 


SUSQUEHANNA  BASIN— STATION  NO.  3. 
CHEMUNG  RIVER  AT  CHEMUNG,  N.  Y. 


DESCRIPTION  01'  STATION. 

Tills  station,  established  Seiitember  Tth,  1903,  by  the  United  States 
(ieological  Survey,  and  maintained  through  co-o]>eration  Avith  the 
New  Yoik  State  Engineer,  is  located  at  a two  span,  steel  truss 
bridge,  midway  betAveen  Chemung,  N.  Y.,  and  Willawanna,  Penu’a, 
near  the  state  line. 

The  channel  is  straight  for  700  feet  above  and  800  feet  below  the 
station.  The  right  bank  is  high,  cleared  and  not  subject  to  over- 
floAv;  the  left  bank  is  medium  height,  A\moded,  and  overflows  at  high 
Avater.  The  bed  of  the  stream  is  composed  of  gravel  and  is  per- 
manent. The  current  is  good.  There  is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  from  the  doAvnstream  side  of 
the  bridge.  Initial  point  for  soundings  is  the  face  of  the  right  abut- 
ment on  the  downstream  side. 
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A tape  and  weight  gage  is  attached  to  the  upstream  side  of  the 
bridge,  near  the  right  hank,  and  is  read  twice  daily.  The  length  of 
tlie  tape  from  the  bottom  of  weight  to  the  marker  is  29.58  feet.  The 
elevation  of  zero  is  arbitrary.  Bench  Mark  No.  1 is  formed  by  three 
nails  d.  iven  into  a telegraph  pole  TO  feet  to  the  right  of  the  initial 
point  for  soundings  and  about  30  feet  upstream.  The  pole  is 
marked  with  black  paint  “U.  S.  G.  S.  B.  M.” — elevation  29.88  feet 
above  gage  datum. 

The  suspension  bridge  to  which  the  gage  was  originally  attached 
was  removed  during  the  summer  of  1911,  and  on  April  19,  1911,  the 
gage  was  placed  250  feet  upstream  from  the  bridge.  Readings  were 
taken  on  this  gage  from  this  latter  date  until  February  19,  1912, 
Avhen  the  gage  was  replaced  on  the  new  structure  on  the  original 
datum. 

The  smooth  water  reaches  of  the  stream  become  ice  covered  iii 
winter.  Needle  ice  forms  over  the  rapids  and  is  carried  under  the 
surface  ice.  Much  of  the  winter  flow  apparently  filters  through  these 
beds  of  needle  ice  at  times.  The  conditions  render  estimates  of 
the  daily  discharge  in  winter  impracticable. 

Since  the  establishment  of  this  station  39  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  by  the  United  States 
Geological  Suivevn  The  data  prior  to  1912  will  be  found  in  the 
1910-11  report  of  the  Wa  ter  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  CHEMUNG  RIVER,  AT  CHEMUNG, 

N.  Y. 


(Drainage  area,  2, HO  square  miles.) 


No. 

Date. 

Hydrograpber. 

Width. 

Area  of  section. 

Mean  velocity. 

Cage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

S<|. 

per 

Feet. 

Sec. 

1913 

ft. 

sec. 

ft. 

33 

Feb.  19, 

DeGolyer,  

22o 

392 

0.64 

3.08 

252 

Measurement  under  lee 

cover. 

34 

Mar.  16. 

Covert  & McMillan,  . 

392 

31K)0 

6.56 

12. OS 

25600 

35 

Mar.  18, 

Covert  & McMillan.  . 

3S8 

3400 

5.30 

10.51 

ISOOO 

36 

Mar.  25, 

Canfield,  

282 

1340 

1.85 

4.35 

2480 

37 

April  3, 

Weber,  

394 

3300 

5.49 

9. 84 

18100 

3? 

April  4, 

Weber,  

375 

2SS0 

4.27 

8.12 

12300 

39 

July  20, 

Weber,  

224 

290 

0.97 

2.07 

2S2 

Wading  msmt  500'  below 

gage. 

Note.— All  measurements  except  that  of  February  19,  referred  to  gage  on  new  bridge. 


DISCHARGE  TABLE  FOR  CHEMUNG  RIVER  AT  CHEMUNG,  N.  Y. 

FROM  JAN.  13,  1911. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.40 

39 

4.00 

2020 

.60 

7570 

.20 

16000 

.SO 

27000 

.f.O 

53 

.10 

2160 

.70 

7S40 

.30 

16400 

.90 

27500 

.60 

To 

.L'O 

2310 

.80 

8120 

.40 

16800 

12.00 

28000 

.70 

106 

.30 

2470 

.90 

8410 

.50 

17200 

.10 

28500 

.80 

140 

.40 

2630 

7.00 

8700 

.60 

1760'0 

.20 

29000 

.90 

180 

.50 

2800 

.10 

9000 

.70 

18000 

.30 

29500 

2. CO 

220 

.60 

2080 

.20 

9300 

.80 

18100 

.40 

30000 

.10 

270 

.70 

3170 

.30 

9600 

.90 

18800 

.50 

30500 

.1:0 

320 

.80 

3360 

.40 

9900 

10.00 

19200 

.60 

31000 

• SO 

370 

.00 

3760 

.50 

10200 

.10 

19600 

.70 

31500 

.40 

430 

5.00 

3760 

.60 

10500 

.20 

20€'0'0 

.80 

32000 

.50 

400 

.10 

3960 

.70 

10800 

.30 

20400 

.90 

32500 

.60 

550 

.20 

4180 

.so 

11100 

.40 

20800 

13.00 

33000 

.70 

620 

.30 

.90 

11400 

..50 

21200 

.10 

335W 

.80 

600 

.40 

4620 

8.00 

11800 

.60 

21600 

.20 

34000 

.00 

770 

.50 

4310 

.10 

12100 

.70 

22000 

.30 

34500 

3.00 

860 

.60 

5060 

.20 

• 12500 

.80 

22400 

.40 

35000 

.10 

060 

.70 

.5300 

.30 

12800 

.90 

22900 

. bo 

35500 

.20 

1060 

.so 

5.550 

.40 

13200 

11.00 

23400 

.60 

36000 

.30 

1160 

.90 

5800 

.50 

13500 

.10 

23800 

.70 

36;)00 

.40 

1270 

6.00 

6050 

.60 

13800 

.20 

24200 

.80 

37000 

.50 

1380 

.10 

6300 

.70 

14200 

.30 

24600 

.90 

37500 

.60 

1500 

.20 

6550 

.80 

14500 

.40 

2SCO0 

14.00 

38  GW 

.70 

1620 

.30 

6800 

.90 

14900 

..50 

25500 

.80 

1750 

.40 

70.50 

9.00 

L520O 

.60 

26000 

.00 

18S0 

.50 

7300 

.10 

15600 

.70 

26500 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  CHEMUNG  RIVER  AT  CHEMUNG 


85 


O 


> 

c 

z 


O 

o 


K 

SC 


M d d 
»-i  I'l  X.  oo  cv 
i-H  iH  CO  u5  CO 


O O O p O C>  p p O d 


ITS  CO  C-l  CO  fr-l  r 


. O P C 

SSp” 


® O O 

(>5  C I CO 

M M 1-H  -r  oo 


00<s>00  |£>  O O O O 

cococo'Nt'* 

CO  Ci  C5  00  CO  I'*  CO  I-- 


O lA 

cowcoasr-l  CD  CO  CO  CO  tH 
coeOcDiolO  u3cDlDt«^ 


Hcoeoeoc*  cococoeoc* 


CO  CO  OCI  CO  cci 


OiS>ioOO  iouOC><S>0 


CO  O Cl  Oj  I 


fa?iS 

5333 


e>e>oe>o 

1— I lH  T— ( 1— I I— I 

rH  O 05  1-1 


poooo 

iTl  CO  CO  t-  CD 
CO  CO  CO  OJ  I-H 


SiO  ira  ira  iD  uo  to  UO  lA  uO  i/o  lO  >0  tn  lO  i.O  uO  lO  O O O O 

0 05  20  00  t-T>-C5COW  CD  CO  O 05  1,0 M Cl  CsJ  i-H  P O Cl  tP  in  l.O  -n"  CO 

cOcodCie^  dicqiDliojc*  cococoeoo  cocoeococo  cOcococoeo 

POPPP  pooinm  poooo  ompiom  ciopmo  ooppo 

0<X1-(C10  r-i-HCDi-(rH  ClCOt-iHCD  OlOClGOOO  i-HClflUOiH  COCDClClt,'- 

^ ^ ^ CO  CO  P ^ O 00  CD  P CD  lO  UO  tJi  m m P gO  g5  rH  O P ^ 

lo  P oiAOinm  lomoiAo  omoioin  m i-i 

luOcDClOOCD  -TCli-lOO  ■^C-'^tHO  COt-l'-CDP  COlOUSt-Cl  PiHt-'*^'CO 

*f-»<Tf>COCO  COCOCOClCl  COCOCOcoC^*  ClMClClCI  DlClCJCl'^  ■«»''a«COCOCO 

looppo  opoOl.o  inoooo  ooooo  ompop  ooopo 

cooPcoo  orii-d—  ifS  cocimcoo  r-'.  'cdi-icd  i—  coci'^do  ocdoOoo 

COCOOCDlO  lOCOOC-P  tncDlDlTjirJi  (MCOOOCO  l>-iniCDC;~'l  COOl-OCt-H 

ClPcir-Ci— IrHi-H  i-Hi-H  COCOL—  ir5C0cj-«^» 


: p lO  lo  o o 1.0  lo 

HOC-  CDl-P-^CO 

5 ca  cj  cj  (M  c t cj  Cl 


CO  CO  CO  CO  M 


lo  CD  O m Cl 
CD  lA  L.O  iiO 


' 1 tf'M  lO 


in  lO  CO  O lO  in  Oi'^miAio  in  co  o o in  mm 

s s5gas3?1  srSvijss  ssr;?;3 


CO  O l-O  O CD  C5  1-0  m lO 

X -r  -M  CO  r-  CD  o:  — cD 

cococO  CO  CO  CO  in  CO  co 


Dl  C5  CV  05  O 


5 t'*  lO  50  C 
2 05  O P C 


HinCO'+r-i  C-li-Ht-miQ  C5 
Hi-HCOClCl  Cl  CO  t-  CD  01  Cl 


H Cl  M fisl  ca  Cl  Cl  Cl  Cl  cl  (M  Cl  Cl  Cl 


m o o -S'  o o o m o 0 
cDoccior—  cDMcocio 
Cl  Cl  51  Cl  d Cl  Cl  Cl  r 


p o oo  o m 


ooomo  oompo  oc-'P*'* 

eoo-f>-+*co  t—  go-n-Oo 

CO  CO  CO  CO  Cl  cl  Cl  Cl  Cl  Cl  Cli-irlClr 


X Cl  50  <D  Cl 
P O O P 05 

Cl  ci  ci  Cl  Y-i 


o P 50  o m 

cl  -I*  -r  Cl 

Cl  ci  ci  ci  ci 


Cl  ci  ci  ci  c 


P 'M  lO  lO 


5 P P P C 

1 C3  c 1 1-  < 
5 Cl  P -t  li 
H i-(  Cl  d r 


P P P P lA 
p p P I—  in 

iH  05  CO  C-  P 


P P P P ■H}< 
m in  d 05  Oo 
m lA  in  Tji  TP 


P P P P CO 


P m i-o  m m mioPinm 
p -+ iH  m 1-H  05  1-1- in  •*4' 

cococoeoco  dciddci 


K 

O 


p p p p m 

COrHOPt— 

CO  CO  CO  Cl  d 


cj  Cl  d Cl  d Cl  d d Cl  d 


ci  ci  ci  ci  ci 


33SSS 

Cl  ci  ci  ci  ci 


3 P P C 

D t-  Cl  5i 


P P P p P 
t-  1-H  O t-  iH 
1-1  CO  go  1-1  CO 
CO  Cl  d CO  d 


PPPPO 
p p P m p 
th  Cl  p m 03 
Cl  t-  03  m CO 


P o P p P 
t—  CO  CO  c 1 Cl 
T-H  P P P P 
CO  Cl  Cl  d iH 


P O P P P 
CO  P p I-H  Cl 
CO  1— I O o p 


w 

C5 


CO  Tj<  CO  Tt< 

c-  p in 


t-  d in  t—  Cl 


-lAin  TjiTt<'«s<..3ico 


in  CO  Cl  1 o o 
CO  CO  CO  • Tf 


PPPPO 

CO  m CO  CO  05 


So p p ^ 
cl  ^ Cl  CO 
o in  CO  Pc— 


PPPPO 
o P Cl  P m 
CO  O 1-1  CO  o 
p in  cc  P p 


O P P P P 
p p p p 
CO  CO  CO  o P 
t-  p m i-c  CO 


=.  Fi  s :i 


a 

o 


H m i-H  p 

H tM  rH  00  l- 


dOCOmI— 
P P <35  C—  P 


i-(  P CO  CO  o 
P lA  P P P 


t-  CO  t—  p i-H  t—  m c—  p p 
p P m m m -r  -h'  is*  tk 


PPPOP  PPPOP  oPPPo  ppppp 

i-iooci:ii~(  pppcop  rHCOClr—  CO  oP>-—  op 

COPfocli— I vOCOPPt—  cOx-pCico  inxPxP 

Clr-rHi-Hi-H  Cl  CO  Cli-Hi-HiHrH  i—POPOO 


POOP  ppppp 
■ OC-  P C3  C 1 I ' P O O 
o <35  t-  P i-n 
C I 1-H  CO  I-  ^ 


ci  in 
CO  in  i-H  m 
p m CO 


r CO  CO  CO  « 


o O 1-1  p o 
CO  CO  CO  m 


Cl  p t-  P 

TT*  CO  c-i  CO  CO 


t— ■rt'd’rr—  dco^lp-t*  PpPoop 

d p p P p r-  m in  1-  — -f  co  m i-i  -r 


• [-  Cl  p 
i P P -H 


2 1 CO  CO  1-H  I-H 

' I CI  Cl  1-H  p 

— I CO  CO  CO  P 


P t—  CO  P P 


P i-Hdco~tm  Pt— coP^ 

d dddcici  cid^^ic 


Note.— January  5-February  2G,  iiulusive,  river  frozen.  See  “K.stimated  Monthly  Discharge”  slioet  for  estimate  durin,^  this  period. 


ESTIMATED  MONTHLY  DISCHARGE  OF  CHEMUNG  RIVER  AT 

CHEMUNG,  N.  Y. 

(Drainage  area,  2,440  square  miles.) 


•MONTH. 

Discharge  in  Second-feet. 

Run-Off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  sejuare 
mile. 

Depth  in 
inches. 

1U12. 

700 

0.287 

0 330 

1500 

0.615 

0 660 

.March,  

44600' 

800 

8150 

3.340 

3.850 

Apr.l,  

25500 

2020 

8930 

3.660 

4.080 

•May 

17100 

1010 

3830 

1.570 

1.810 

June,  

2470 

245 

701 

0.287 

0.320 

Julv 

478 

188 

272 

0.111 

0.130 

.August,  

660 

184 

287 

0.118 

0.140 

September,  

13200 

270 

2200 

0.901 

1.000 

October 

29S0 

412 

1300 

0.633 

0.610 

November 

5800 

655 

16S0 

0.689 

0.770 

December,  

6800 

620 

2090 

0.858 

0.990 

Tlio  year,  

2640 

1.080 

14.690 

Note. — Kiver  frozen  .Tiin.  5— Feb.  26  inclusive.  Discharge  estimated  from  one  discharge  measure- 
ment under  ice  cover,  and  climatological  records. 


WYALUSING  CREEK. 


DESCRIPTION  OF  BASIN. 

Wyalusing  creek,  a tributary  of  the  North  Branch  of  the  Sus- 
(|uehanna  liver,  in  Sus(niehanna  and  Bradford  countie.s,  drains  ap- 
proximately 215  squaie  miles.  Rising  in  three  branches,  the  head- 
waters of  wliich  spiead  over  tlie  central  and  western  parts  of  Sus- 
(piehanna  county,  and  join  near  Rushland  near  the  Susquehanna- 
Biadford  county  line,  it  follows  a general  southwesterly  course  to 
its  mouth  at  Wyalusing,  Bradford  county,  a distance  of  approxi- 
mately 30  miles.  The  basin  is  sparsely  jiopulated,  the  habitations 
being  scattered  over  the  agricnltural  section  and  in  small  villages, 
the  wateislied  consisting  of  hilly,  farming  country,  containing  little 
timber  except  on  the  hilltops.  The  principal  tributaries  are  the 
North,  Middle  and  East  Blanches,  which  form  its  headwaters,  and 
include  a iiiimlier  of  lakes  in  their  watersheds.  This  creek  lies  en- 
tirely within  the  glacial  area,  the  slope  being  gradual  throughout 
most  of  its  course.  Wyalusing  creek  is  used  to  a limited  extent  for 
power  purposes. 

The  mean  annual  precipitation  over  this  watershed  is  from  35  to 
40  inches. 

The  discharge  of  this  stream  has  been  measured  since  October  28, 
1008,  at  Wyalusing,  2^  miles  above  the  mouth. 
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SUSQUEHANNA  BASIN— STATION  NO.  4. 


WYALUSING  CREEK  AT  WYALUSING. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  October  1908,  at  a single  span,  steel,  through- 
truss,  higliway  bridge,  about  2-|  miles  above  the  mouth. 

The  channel  is  straight  for  1,000  feet  above  and  below  the  station. 
The  light  bank  is  high  and  not  subject  to  overflow,  while  the  left 
bank  is  low  and  water  passes  around  the  bridge  at  high  stages.  There 
is  an  abandoned  head  race  to  the  left  of  the  bridge  through  which 
water  passes  above  gage  heiglit  2.9  feet.  The  bed  of  the  stream  is 
locky  and  permanent. 

Dischaige  measurements  are  taken  from  the  downstream  side  of 
the  biidge,  and  by  wading  at  a section  000  feet  below  during  low 
water.  The  initial  point  for  soundings  is  top  edge  of  east  abutment, 
downstream  side. 

A standaid  chain  gage  is  fastened  to  the  bottom  chord  on  the 
downstieam  side  of  the  bridge.  The  length  of  chain  from  the  bot- 
• tom  of  weight  to  center  of  marker  is  10.80  feet.  The  elevation  of 
zero  is  arbitiary  datum.  Bench  Mark  No.  1 is  a projection  on  the 
.second  stone  in  the  bottom  course  of  the  face  of  the  upstream  wing 
of  the  left  abutment,  one  foot  from  the  first  vertical  joint  of  the 
iibutment;  elevation  5.512  feet  above  zero  of  gage.  The  gage  is  i-ead 
once  dai'y  by  Alton  S.  Taylor. 

There  are  several  mills  on  the  stream  aliove  the  bridge. 

Since  the  establishment  of  this  station,  29  dischaige  measurements 
have  been  made.  The  data  jirior  to  1912  will  be  found  in  the  1910- 
11  leport  of  the  Water  Supply  Contmission. 
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1>IS('HAR(;K  :MEASIiRE^rENTS  OF  WYALUSING  CREEK,  AT  WYALU- 
SIN(i,  liRAUFORI)  COUNTY,  PA. 

(Drainage  area,  21.’f  square  miles. J 
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1 

O 

-M 

No.  Date. 

Ilydrograplior. 

72 

Remarks. 

O 

— 

3 1 

rt 

o 

o 

72 

■< 

1 

1 

Et. 

1 l-'eet. 

S(i.  per 

Feet. 

Sec. 

1^^13 

1 

ft.  sec. 

ft. 

29  March  13 

lleckord  & Knight.  116 

202  2.06 

i 

1.6b 

416 

O.G  measurement. 

DISCHARGE  TARLE  FOR  WYALUSING  CREEK,  AT  WYALUSING, 
BRADFORD  COUNTY,  FROW  DEC.  1,  1908. 


tL 

c. 

tX3 

c: 

C 

Di.scharge. 

'o 

tc 

O 

o 

U 

■f. 

Gage  height. 

Discharge. 

(lags  lieiglit. 

<u 

rt 

.a 

t: 

£ 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

.10 

2 

.30 

204 

..50 

92S 

.70 

2034 

.50 

5060 

.20 

4 

.40 

242 

.60 

1012 

.80 

2122 

7.00 

6700 

.30 

9 

.50 

284 

.70 

1098 

.TM) 

22‘^0 

.50 

6360 

.40 

16 

.60 

328 

.80 

1186 

4.00 

2318 

8.00 

7100 

.50 

25 

.70 

376 

.90 

1276 

.10 

2415 

.50 

7900 

.60 

36 

.80 

428 

3.00 

1366 

.20 

2515 

9. CO 

8700 

.70 

50 

.90 

485 

.10 

1456 

.30 

2615 

10.00 

10300 

.80 

66 

2.00 

.5.50 

.20 

1550 

.40 

2715 

11.00 

11900 

.90 

86 

.10 

620 

.30 

1644 

.50 

2815 

l.CO 

112 

.20 

692 

.40 

1738 

5.00 

3335 

.10 

140 

.30 

768 

.50 

1832 

..50 

3880 

.30 

170 

.40 

846 

.60 

1926 

6.00 

4460 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  WYALUSING  CREEK  AT  WYALUSING,  BRADFORD  COUNTY,  PA. 
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ESTIMATED  MONTHI.Y  DISCHARGE  OF  WYALUSING  CREEK,  AT 
AVYALUSING,  BRADFORD  COUNTY. 

(Drainage  area,  21i  square  miles.) 


MONTH. 

Discharge  in  Secoutl-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

J.Tnuary,  

243 

140 

177 

0.827 

0.953 

268 

1 252 

1 3')0 

March 

849 

3.967 

4.573 

April,  

234 

970 

4.533 

5.067 

May 

1410 

58 

363 

1.696 

1.955 

June,  

fi4 

10 

29 

.136 

.152 

July 

25 

3 

11 

.051 

.059 

August,  

397 

4 

67 

.313 

.361 

September 

3660 

46 

775 

3.621 

4.040 

October 

S46 

53 

182 

.850 

.980 

November,  

2920 

89 

340 

1.589 

1.773 

December,  

2100 

84 

342 

1.598 

1.843 

The  Tear,  

364 

1.703 

23.006 

Note. — Discharge  Feb.  22-Mar.  15  inclusive,  estimated  from  Lackawanna  river  at  Scranton. 


LACKAWANNA  RIVER. 


DESCRIPTION  OF  BASIN. 

Jjackawaiiiia  river,  one  of  the  major  tributaries  of  the  North 
IJranch  of  the  Susquehanna  river  in  northwestern  Pennsylvania, 
drains  an  area  of  api>roximately  345  .square  miles  in  Susquehanna, 
Wayne,  Lackawanna  and  Luzerne  counties,  on  tlie  west  slope  of  the 
1 >elaware-Snsqnehauna  Divide.  Rising  in  numerous  lakes  in  two 
branches,  one  on  either  side  of  the  central  part  of  the  Wayue-Sus- 
quehanna  count}'’  line,  which  join  a short  distance  below  Union  Dale, 
Susquehanna  county,  it  follows  a southerly  course  through  Sus- 
quehanna and  Wayne  counties  and  thence  flows  southwest  through 
Lackawanna  county  to  its  mouth  above  Pittston,  Luzerne  county, 
a distance  of  approximately  50  miles.  The  upper  section  of  this 
stream,  to  Forest  City,  Susquehanna  county,  flows  through  a rolling, 
• farming  country,  sparsely  populated  and  largely  deforested.  From 
this  point  the  valley  widens  to  approximately  six  miles  in  width, 
bounded  on  one  side  by  Bald  Mountain,  and  on  the  other  by  Moosic 
]\Iountain,  partly  covered  with  second  growth  timber,  the  stream 
flowing  through  a thickly  populated  coal  mining  territory. 

The  stream  is  exceedingly  rapid,  falling  from  the  junction  of  the 
two  branches  (elevation  1,590)  at  Stillwater,  to  Olyphant,  a dis- 
tance of  23  miles,  at  the  rate  of  30  feet  per  mile;  from  Olyphant, 
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thiougli  ir'Ciaiitoii  to  Moosic,  a distaiice  of  12  miles,  at  the  rate  of 
10  feet  per  mile;  raid  from  Moosic  to  its  mouth  (elevation  526),  a 
distance  of  four  miles,  at  the  rate  of  27  feet  per  mile.  It  lies  entirely 
within  the  glacial  area.  Tlicre  are  main'  tributaries,  the  largest 
of  which  are  Spring  and  Koaring  Brooks.  Scranton,  the  third 
largest  city  in  Pennsylvania  and  many  boroughs,  are  located  in 
this  basin.  On  account  of  the  [»resence  of  mine  washings,  the  main 
stream  is  not  used  for  water  supply  purposes,  although  most  of 
its  tributaries  are  extensively  employed.  The  dry  weather  How 
is  maintained  above  the  natural  flow  ol  other  streams  in  this  section 
by  the  drainage  of  mine  water  into  tl’o  stream. 

The  mean  annual  precipitation  over  ihis  watershed  is  from  35  to 
40  inches. 

The  discharge  of  this  stream  has  been  mea.sured  since  July  1,  1908, 
at  Scranton,  about  eight  miles  above  the  mouth. 


SUSQUEHANNA  BASIN— STATION  NO.  5. 


LACKAWANNA  RIVER  AT  SCRANTON. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  July  1,  1908,  at  a single  span,  steel,  through  truss, 
highway  bridge  at  Carbon  Stieet,  Scranton,  and  was  discontinued 
September  1(>,  1911,  until  February  2,  1912,  on  which  date  it  was  re- 
established at  the  same  point. 

Just  above  the  bridge  there  is  a sharp  curve  to  the  right,  while  be- 
low the  station  the  channel  is  nearly  straight  for  1,000  feet.  The 
current  passes  under  the  bridge  at  a 25  degree  angle  to  the  right,  and 
is  practically  normal  under  the  water  pipe  Inidge,  except  at  high 
stages.  The  water  pipe  bridge  is  located  about  10  feet  downstream 
from  the  highway  bridge.  Both  banks  are  higli  and  not  subject  to 
overflow;  there  being  a good  ashlar  abutment  on  either  side  of  the 
bridge.  The  bed  of  the  stream  is  of  mud  and  loose  stones,  together 
with  a large  amount  of  culm,  and  probably  shifts  considerably ; while 
the  waters  of  the  river  are  polluted  with  mine  wastes. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  Carbon  Street  Bridge;  the  downstream  girder  of  the  water 
pipe  bridge,  just  below,  and  by  wading  at  a section  several  hundred 
feet  upstream.  The  initial  point  for  soundings  on  the  Carbon  Street 
Bridge  is  right  end  of  downstream  hand-rail;  on  the  water  pipe 
bridge,  initial  point  is  right  end  of  downstream  girder. 
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A staiidaid  cliain  gage  is  attaclied  to  tlie  ('ail)oii  Street  Bi-idge. 
Tlie  leiigtli  of  chain,  troni  the  liottoin  ot  tlie  weiglit  to  the  marker 
is  20.83  feet.  The  elevation  of  zero  is  070.577  feet,  Sandy  Hook  datum 
of  the  1).  L.  A W.  IJailroad.  Bench  Mark  No.  1 is  on  tlie  spout  of  a 
Are  plug  on  the  south  corner  of  Carbon  Street  and  Love  Eoad,  eleva- 
tion 091.987  feet.  Bench  Mark  No.  2 is  on  a stone  projection  on  top 
of  eighth  course  from  to]*  under  left  hand  downstream  corner  of 
Carbon  Street  Bridge,  elevation,  082.801  feet. 

This  station  is  maintained  in  co-o]»eration  with  the  City  Engineer’s 
office  of  Scranton,  the  gage  being  read  twice  daily,  except  Sunday, 
by  an  enqdoyec  of  that  office. 

Since  the  establishment  of  this  section  17  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Be])ort  of  the  fVater  Snp])ly  Commission. 

Owing  to  the  uncertainty  of  gage  heights  during  1912,  only  the  dis- 
charge measurements  and  rating  table  have  been  published. 


DISCIIAKltE  MEASUREMENTS  OP  LACKAWANNA  RIV^ER,  AT  SCRAN- 
TON, LACK  AAV  ANN  A COUNTY,  PA. 


(Drainage  area  175  square  miles.) 


No. 

Date. 

Hydrograplior. 

2 

'i^ 

Area  of  section.  1 

1 

!i 

Mean  velocity.  jj 

23 

'o 

o 

- 

Discharge. 

1 

Remarks. 

Ft. 

Feet. 

Sq. 

Iier 

Feet. 

Sec. 

1913 

ft. 

sec. 

ft. 

17 

March  19 

Reokord  & Knight, 

SS 

209 

2.59 

3.12 

541 

From  Carbon  St.  bridge 

0.6  msmt. 

DISCHARGE  TARLE  FOR  LACKAWANNA  RIVER,  AT  SCRANTON, 
LACKAWANNA  COUNTY,  FROAI  JANUARY  1st,  1912. 


Cage  height. 

t£ 

rt 

o 

V3 

o 

iC 

C3 

Discharge. 

Cage  lieiglit. 

Discharge. 

^2 

Tc 

"S 

tio 

<V 

ill 

'A 

Gage  heiglit. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.00 

60 

.50 

380 

4.00 

1120 

.50 

2040 

7.00 

3145 

.10 

66 

.60 

422 

.10 

1175 

.60 

2110 

.10 

3223 

.20 

73 

.70 

466 

.20 

1230 

.70 

2180 

.20 

3305 

.30 

81 

.80 

510 

.30 

1290 

.80 

2250 

.30 

33S5 

.40 

91 

.90 

556 

.40 

1350 

.90 

2320 

.40 

3470 

.50 

105 

3.00 

604 

.50 

1410 

6.00 

2390 

.50 

3555 

.60 

120 

.10 

652 

.60 

1470 

.10 

2460 

.60 

3640 

.70 

137 

.20 

700 

.70 

1530 

.20 

2535 

.70 

3725 

.SO 

155 

.30 

750 

.80 

1590 

.30 

2610 

.80 

3810 

.90 

178 

.40 

800 

.90 

1650 

.40 

2683 

.90 

3895 

2.00 

203 

.50 

850 

5.00 

17L5 

.50 

2760 

8.00 

3980 

.10 

23.5 

.60 

900 

.10 

1780 

.60 

2835 

.20 

267 

.70 

955 

.20 

1845 

.70 

2910 

.30 

302 

.80 

1010 

.30 

1910 

.80 

2985 

.40 

340 

.90 

1C65 

.40 

1975 

.90 

3065 

Note. — This  rating  table  is  only  applicalile  subsequent  to  Jan.  1,  1912,  and  is  based  on  two 
discharge  measurements  made  during  1912  and  1913,  together  with  former  curve. 


SUSQUEHANNA  UASIN— STATION  NO.  6. 


NORTH  BRANCH  OF  SUSQUEHANNA  RIVER  AT  WILKES- 

BARRE. 


DESCRIPTION  OF  STATION. 

This  station  was  establisliod  Iw  the  United  States  Geological  Sur- 
vey in  co-operation  with  the  United  States  Weather  Bureau,  on 
March  .‘>0th,  at  the  ^Market  Street  Bridge,  Wilkes-Barre. 

The  channel  is  straight  tor  one-(iuarter  mile  aljove  and  below  the 
station.  The  left  hank  is  high  and  above  ordinary  hoods,  while  the 
right  baidv  is  low  and  overllows  at  apjuo.ximately  2b  feet  gage  height. 
The  bed  consists  of  sand  and  gravel  and  is  somewhat  shifting. 

Discharge  measurements  are  taken  from  the  u]»stream  side  of  the 
bridge,  wliich  has  a total  span  of  TOO  reet  between  abutments.  The 
initial  point  for  soundings  is  east  end  of  upstream  hand-rail. 

In  1888  leadings  were  commenced  !)v  the  T'.  18.  AVeather  Bureau 
on  a staff  gage  attached  to  the  easternmost  jiier.  During  low  stages 
of  tbe  river,  however,  the  water  receded  from  the  pier,  and,  there- 
fore, on  March  30th,  1899,  a standard  chain  gage  superceded  the  staff'. 
The  datum  of  the  chain  gage  was  four  feet  below  the  zero  of  the 
staff  gage,  thus  eliminating  tlie  minus  readings  of  the  gage.  Soon 
after  the  installation  of  the  chain  gage  Iw  the  Geological  Survey,  the 
AA'eather  Bureau  adopted  the  same,  taking  readings  once  daily.  The 
standard  length  of  chain  from  the  bottom  of  weight  to  the  marker 
was  10.08  feet.  Bench  Alaik  No.  1 is  extreme  west  end  of  stone 
door-sill  of  north  entrance  to  Coal  Exchange  Building,  elevation,  32.- 
99  feet  almve  zeio  of  gage.  Bench  Alark  No.  2 is  top  of  rail  in  front 
of  Lehigh  Ahilley  Depot,  elevation,  39.70  feet  above  gage  <latum,  and 
515  feet  above  mean  sea  level.  Bench  Alark  No.  3 is  top  of  stone 
monument  at  NoiTliampton  and  River  Streets,  elevation,  30.70  feet 
above  zero  of  gage  and  530  feet  above  mean  sea  level.  The  elevation 
of  zero  of  gage  is  505.3  feet  above  mean  sea  level. 

On  Julv’  20,  1910,  the  U.  S.  AA'eather  Bureau  installed  a Alott  gage 
to  replace  the  chain  gage,  referred  to  the  datum  of  the  ])revious  gage, 
or  Bench  Alark  No.  3,  the  standard  length  of  tape  being  10. G7  feet, 
which  gage  has  l)een  operated  since  that  date. 

On  account  of  the  inaccuracy  of  gage  heights  from  1888  to  1899, 
due  to  a confrrsion  in  the  elevation  of  the  gage  datum,  no  data  has 
been  prrblished  for  this  period. 

Since  the  establishment  of  this  station  35  discharge  measurements 
have  been  made.  The  data  ](rior  to  1912  will  be  found  in  the  1910-11 
i-eport  of  the  AATiter  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  N.  BR.  SUSQUEHANNA  RIVER,  AT 
IVILKES-BARRE,  LUZERNE  COUNTY,  PA. 

(Drainage  area  9,995  square  miles.) 


No.  Date. 

ITydrograpbcr. 

i Area  of  section. 

1 Mean  velocity. 

! Gage  height.  I 

tc 

L. 

rt 

.a 

w 

Remarks. 

Ft. 

. Ki'ct 

Sq. 

per 

Feet. 

Sec. 

' 1013 

1 

ft. 

see. 

ft. 

35  March  1!^ 

Ueckorcl  & Knight,  .j  653 

7363 

3.80 

9.43 

27953 

Surface  msmt. 

DISCHARGE  TAT.LE  FOR  NORTH  BR.  SUSQUEHANNA  RIVER  AT 
MULKES-BARIiE,  LUZERNE  COUNTY,  FROM  JANUARY  1st,  1912. 


it 

c3 

O 

o 

bfj 

rt 

o 

■A 

s 

If 

"Z 

.a 

& 

tc 

rt 

,1 

Discharge.  \ 

\ ' 

1 1 

O 

tJj 

ci 

o 

1/3 

5 

’o 

a> 

tfl 

6 

Discharge. 

Gage  height. 

1 

Discharge. 

Sec.  ft. 

Feet. 

i 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.00 

820 

.30 

12560 

.70 

33020 

.10 

66310 

.50 

91070 

2.00 

845 

.40 

13000 

.80 

33520 

.20 

56980 

.60 

91999 

.10 

895 

.50 

13140 

.91 

3-;  020 

,30 

57620 

.70 

92910 

.20 

970 

.00 

13880 

11.60 

34520 

.40 

58260 

.80 

93830 

.30 

1055 

.70 

14320 

.10 

35020 

.50 

58920 

.90 

94760 

.40 

1155 

.80 

14760 

.20 

^520 

.60 

69600 

20.00 

95700 

.50 

12J0 

.90 

15200 

.30 

36020 

.70 

60280 

.10 

96660 

.60 

1395 

7.00 

15640 

.40 

36520 

.80 

60980 

.20 

97690 

.70 

1530 

.10 

16080 

.50 

37020 

.90 

61680 

.30 

98780 

.80 

16S0 

.20 

16520 

.69 

37520 

16.00 

62400 

.40 

99920 

.90 

1840 

.30 

16970 

.70 

38020 

.10 

63120 

.50 

101110 

3.00 

2005 

.40 

17420 

.80 

38520 

.20 

63850 

.60 

102300 

.10 

2185 

.50 

17870 

.90 

39020 

.30 

64590 

.70 

103540 

.20 

2380 

.60 

18320 

12.  CO 

30520 

.40 

65340 

.80 

104830 

30 

2590 

.70 

18770 

.10 

40020 

.50 

66100 

.90 

106180 

.40 

2810 

.80 

19220 

.20 

40520 

.60 

66860 

21.00 

107600 

.50 

3035 

.90 

19670 

.30 

41020 

.70 

67630 

.10 

109030 

.60 

3265 

8.00 

20120 

.40 

41520 

,80 

68410 

.20 

110480 

.70 

a500 

.10 

20690 

.50 

42020 

.90 

692W 

.30 

111950 

.80 

3750 

.20 

21060 

.60 

42520 

17.00 

70000 

.40 

113440 

.90 

4000 

.30 

21530 

.70 

43040 

.10 

70800 

.50 

114930 

4.00 

4250 

.40 

22000 

.80 

43.560 

.20 

71G00 

.60 

116460 

.10 

4510 

.50 

22470 

.90 

44080 

.30 

72400 

.70 

117990 

.20 

4780 

.60 

22940 

13.00 

44600 

.40 

73200 

.80 

119540 

.30 

5070 

.70 

23410 

.10 

45120 

.50 

74000 

.90 

121110 

.40 

5380 

.80 

23880 

.20 

45G40 

.60 

74800 

22.00 

122700 

.50 

6710 

.90 

24350 

.30 

46160 

.70 

75600 

.10 

1^280 

.60 

6050 

9.00 

2;4820 

.40 

46680 

.80 

76400 

.20 

125860 

.70 

6400 

.10 

25290 

.50 

47200 

.90 

77200 

.30 

1274-tO 

.80 

6750 

.20 

25760 

.60 

47720 

18.00 

78000 

.40 

129020 

90 

7100 

.30 

26230 

.70 

48240 

.10 

78810 

.50 

130600 

5 00 

7450 

.40 

26700 

.80 

48760 

.20 

79630 

.60 

132180 

.10 

7800 

.50 

27170 

.90 

49280 

.30 

80460 

.70 

133760 

.20 

8160 

.60 

27040 

14.00 

49820 

.40 

81300 

.80 

135340 

30 

8540 

.70 

28110 

.10 

50380 

.50 

82150 

.90 

136920 

.40 

8930 

.80 

28580J 

.20 

50940 

.60 

83000 

23.00 

138500 

.50 

9320 

.90 

29050 

.30 

51500 

.70 

83860 

24.00 

1 154SO 

60 

9710 

10.00 

29520 

.40 

52080 

.80 

84730 

25.00 

1 170000 

70 

10100 

.10 

300‘’0 

.50 

52660 

.90 

85610 

- 26.00 

186000 

.80 

10500 

.20 

30520 

.60 

1 63240 

19.00 

86500 

27.00 

i 201500 

.90 

10900 

.30 

31020 

.70 

53840 

.10 

87400 

28.00 

! 217300 

6.00 

11300 

.40 

31520 

.80 

54440 

.20 

88310 

29.00 

233000 

.10 

11710 

.50 

32020 

.90 

65060 

.30 

89230 

.50 

, 240850 

,20 

12120 

.60 

32S20 

15.00 

65700 

.40 

90150 

30.00 

248700 

]S^ote. — This  table  is  oniy  applicabie  subsequent  to  Jan.  1,  1912,  and  is  based  on  two  discharge 
measurements  made  during  1912-13,  together  with  former  curve. 
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ESTIMATED  MONTIII.Y  DISCHARGE  OF  NORTH  RR.  SUSQUEHANNA 
RIVER  AT  M-ILKES-RARRE,  I.UZERNE  COUNTY. 

{Drainage  Area  S(iHarc  Miles.) 


lisclia 

•,i2e  in  Secoml-foet. 

Kun-olT. 

MONTH. 

Second-feot 

Maxiinuiu. 

Mjniimim. 

Mean. 

per  stjuare 

Deptli  in 

mile. 

inches. 

1912. 

07!!0 

0 679 

0 783 

8100 

0.816 

0 880 

March,  

119000 

7240 

32500 

3.252 

3.749 

April 

120000 

15400 

46200 

4.622 

5.157 

.May 

■1.S4C0 

4C20 

16600 

1.661 

1.915 

JllIK' 

S700 

1320 

3450 

0.345 

0.384 

•iuly 

13ii0 

025 

1180 

O.llS 

0.136 

.Viiifiist,  

1330 

m 

1700 

0.170 

0.196 

Scptcni  )cr,  

uhoOO 

2240 

126  CO 

1.261 

1.407 

Octidii'r,  

r.loo 

3340 

9270 

0.9217 

1.069 

Nq\  ember 

XoTOO 

OoCO 

13100 

1.311 

1.463 

1)(  cciiilx'r 

3S700 

tisoo 

15600 

1.561 

1.800 

The  year 

13900 

1.394 

18.939 

Noto.  — llivcr  I'lozon  Jan.  Foie  , ’ndnsivo.  daily  discharge  c.st iniat(‘d  from  Lackawanna  Kiver 
at  Scranton,  In  iawarc  lii\cr  at  I’ori  Jm-vis  and  climatolos^ical  records. 


SUSQUEHANNA  RASI N— STATION  NO.  7. 

NORTH  BRANCH  OF  SUSQUEHANNA  BASIN  AT  DANVILLE. 


DESCRIPTION  OF  STATION. 

This  station  was  ostahlislied  l)y  tlie  United  States  Geological  Sur- 
vey on  March  25th,  1899,  at  Mill  Street  Bridge,  near  Pennsylvania 
Raili’oad  Station,  at  Sonlh  Danville,  52  miles  below  Wilkes-Barre, 
and  ahoni  11  miles  above  Ihe  jnnetinn  of  the  North  Branch  with  the 
West  Bi'aiich  of  the  Sns(inehanna  river,  at  Northumberland.  On 
April  1st,  19hT,  this  station  was  taken  over  by  the  Water  Supply 
Commission  of  I’ennsylvaiiia,  and  has  since  been  maintained  and 
ojtei'ated  by  this  Commission. 

The  channel  is  straight  for  one-half  mile  above  and  below  the 
station.  The  right  bank  is  liable  to  overllow  in  extreme  freshets, 
while  the  left  bank  is  high  and  does  not  overdo’w.  The  bed  of  the 
river  is  permanent,  consisting  of  rocks  and  gravel. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge;  the  initial  ]»oint  for  soundings  being  the  downstream 
corner  of  the  right  abutment,  Danville  side. 

On  March  25th,  1899,  a standaid  chain  gage  was  attached  to  the 
Iti'idge,  bnt  on  IMai'ch  9th,  1991,  the  bridge  and  gage  were  carried 
away  in  an  ice  freshet  and,  from  that  date  until  March  24th,  1905, 
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observations  were  made  from  temporary  gages  and  were  constantly 
liable  to  error.  On  March  24tli,  19(15,  a new  chain  gage  was  attached 
to  the  upstream  hand-rail  of  the  new  bridge  in  the  first  span  from  the 
right  bank.  On  July  Sth,  1905,  the  gage  was  moved  and  attached  in 
the  same  position  on  the  downstream  side  of  the  bridge.  In  both 
positions  it  was  leferred  to  the  datum  of  former  gages.  The  length 
of  chain  from  the  bottom  of  weight  to  the  marker  is  44.63  feet;  the 
elevation  of  zero  being  arbitrary  datum.  Bench  Mark  No.  1 is  on 
the  extreme  south  end  of  the  stone  door-sill  at  the  east  entrance  to 
the  City  Filtration  Plant,  elevation,  31.70  feet  above  zero  of  gage. 
Bench  Mark  No.  2 is  a point  on  the  face  of  the  first  course  of  the 
right  abutment,  located  three  inches  from  the  top  of  course,  and  2.65 
feet  from  the  downstream  side,  elevation,  14.05  feet  above  gage  datum. 

During  the  period  January  1,  1904,  to  March  22,  1905,  the  daily 
gage  heights  and  discharge  have  not  been  published,  due  to  the  in- 
accuracy of  the  gage  heights  obtained  from  the  temporary  gages 
which  were  in  operation  through  most  of  this  period. 

Since  the  establishment  of  this  station  31  discharge  measurements 
have  been  made.  No  discharge  measurements  have  been  made  since 
the  1910-11  repoit  of  the  Water  Supply  Commission.  The  data  prior 
to  1912  will  be  found  in  the  above  mentioned  report. 
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DISCHARGE  TABLE  FOR  NORTH  BR.  SUSQUEHANNA  RIVER  AT  DAN- 
VILLE, MONTOUR  COUNTY,  FROM  JAN.  1,  1912. 


Gage  height. 

1 

Discharge. 

XI 

tr, 

o 

x^ 

eV 

tf) 

cS 

O 

Q9 

fcXl 

ci 

Ij 

s 

i 

I 

Gage  height.  [ 

i 

oJ 

be 

a 

% 

m 

s 

'1 

Gage  height.  j 

! 

Discharge. 

Gage  height. 

!] 

Discharge.  !! 

1 

ii 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.60 

790 

.50 

15340 

.40 

40770 

.30 

77580 

20 

124380 

.70 

9L'0 

.60 

1.5860 

.50 

41610 

.40 

78640 

.30 

125780 

.SO 

1070 

.70 

16390 

.60 

42450 

.50 

79700 

.40 

127200 

.yo 

1240 

.80 

16920 

.70 

43300 

.60 

80/80 

.50 

128620 

2.00 

1420 

.90 

17460 

.80 

44160 

.70 

83SM4 

.60 

130066 

.10 

1020 

c.oo 

18000 

.90 

45030 

.SO 

82140' 

.70 

131500 

.20 

1830 

.10 

18540 

10.00 

45900' 

.90 

84020 

.80 

132960 

.so 

2000 

.20 

19090 

.10 

46770 

14.00 

85120 

.90 

134420 

.40 

2300 

.30 

19610 

.20 

47650 

.10 

86220 

18.00 

135900 

.50 

2560 

.40 

20200 

.30 

48530 

.20 

87320 

.10 

137380 

.GO 

2840 

.50 

20770 

.40 

49420 

.30 

88440 

.20 

138880 

.70 

3140 

.60 

21310 

.50 

50310 

.40 

89.560 

.30 

140380 

.SO 

3460 

.70 

21920 

.60 

51200 

.50 

90680 

.40 

141880 

.90 

37S0 

.80 

2.510 

.70 

52090 

.60 

91820 

.50 

143400 

3.00 

4120 

.90 

23100 

.80 

52990 

.70 

92960 

.60 

144920 

.10 

4480 

7.00 

23.00 

.90 

53890 

.80 

94100 

.70 

146440 

.20 

4840 

.10 

24310 

11.00 

54800 

.00 

95260 

.80 

147980 

.30 

5220 

.20 

24930 

.10 

55720 

15.00 

96420 

.90 

149520 

.40 

5000 

.30 

25550 

.20 

56650 

.10 

97580 

19.00 

151060 

.50 

60U0 

.40 

26180 

.30 

•57590 

.20 

98760 

.10 

152620 

.60 

6400 

.50 

26820 

.40 

58530 

.30 

99940 

.20 

154180 

.70 

6800 

.60 

27460 

.50 

59480 

.40 

101140 

.30 

155740 

.80 

7220 

.70 

28110 

.60 

60430 

.50 

102340 

.40 

157320 

.90 

7660 

.80 

28770 

.70 

61390 

.GO 

103560 

.50 

158900 

4.00 

8100 

.90 

29430 

.80 

62360 

.70 

104/80 

.60 

160480 

.10 

8550 

8.00 

30100 

.90 

03340 

.80 

1015020 

.70 

162080 

.20 

9000 

.10 

30780 

12.00 

64320 

.90 

107260 

.80 

163680 

.30 

0460 

.20 

31470 

.10 

6.5300 

16.00 

108520 

.90 

165280 

.40 

9920 

.30 

32180 

.20 

66280 

.10 

109780 

20.00 

166880 

.50 

10390 

.40 

S2800 

.30 

67280 

.20 

111060 

.10 

168500 

.60 

10860 

.50 

33630 

.40 

68280 

.30 

112340 

.20 

170120 

.70 

11340 

.60 

34380 

.50 

69230 

.40 

113640 

.30 

171740 

.80 

11820 

.70 

35140 

.60 

70300 

.50 

114940 

.40 

173360 

.90  1 

12310 

.80 

35910 

.70 

'■71320 

.GO 

116260 

.50 

175000 

5.00 

12800 

.90 

36700 

.80 

72340 

.70 

117580 

.60 

176640 

.10 

13300 

9.00 

37500 

.90 

73380 

.80 

118920 

.70 

178280 

.20 

lasoo 

.10 

38310 

13.00 

74420 

.90 

120260 

.80 

179920 

.30 

14310 

.20 

391 

.10 

75460 

17.00 

121620 

.90 

181580 

.40 

1 

14820 

.30 

1 

39940 

.20 

70320 

.10 

1230IX» 

21.00 

183240 

Note — The  above  table  Is  that  of  the  U.  S.  G.  S.,  and  lias  been  adopted  by  the  Water  Supply 
Commission  for  1913. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  NORTH  BR.  SUSQUEHANNA 
RIVER  AT  DANVILLE,  MONTOUR  COUNTY. 

(Drainage  Area  11,255  Square  Miles.) 


MONTH. 

Discharge  in  Second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1^112. 

7800 

0 Rfff? 

66300 

10800 

March 

-imo 

7140 

38500 

S.12i 

3.944 

April,  

135000 

ISSCO 

53600 

4.762 

5.313 

May 

57500 

6880 

21200 

1.884 

2.172 

June,  

llOOQ 

2400 

5150 

0.458 

0.511 

July,  

Z480 

1600 

2090 

0.186 

0.215 

August 

5490 

1600 

3120 

0.277 

0.319 

September,  

73700 

3560 

15400 

1.368 

1.527 

October 

30600 

5330 

11600 

1.031 

1.188 

Novemlier,  

46900 

9370 

16200 

1.439 

1.606 

December,  

50600 

10300 

19600 

1.741 

2.007 

The  year,  

17100 

1.518 

20.636 

Noto. — Hiver  frozen  .Ian.  G-feb.  :6 
Susquehanna  Kiver  at  Wilkes-Barre. 


inclusive,  ami  daily  discharges  estimated  from  N.  Br. 


WEST  BRANCH  OF  SUSQUEHANNA  RIVER. 


DESCRIPTION  OF  BASIN. 

The  West  Biancli  of  the  Susquehanna  liver,  which  joins  the  North 
Branch  at  Noi  thnintierlaiid,  to  foiiii  the  main  Snsqnehaiina  river, 
drains  a total  area  of  approxiniatel}"  (),0S0  square  miles,  lying  en- 
tirely within  the  state.  This  branch  rises  in  the  west  central  part 
of  the  state,  in  the  northwestern  coiner  of  Cambria  county,  and 
flows  nortliward  a short  distance  and  tlien  turning  in  a general 
northeasterly  direction,  continues  to  below  Eenovo,  Clinton  county, 
where  it  takes  an  easterly  course  to  the  mouth  of  Loyalsock  creek, 
and  thence  turns  soutliward  to  its  junction  witli  the  North  Branch 
at  Northumberland.  The  total  length  of  this  stream,  from  its  head- 
waters to  its  mouth  is  aliout  220  miles.  The  West  Branch  of  the 
Susquehanna  river  is  unique  among  Pennsylvania  rivers,  in  that 
it  has  numerous  large  tributaries,  several  of  which  have  basins  of 
1,000  square  miles  and  over,  all  of  which  join  the  river  above  Wil- 
liamsport, which  is  41  miles  above  the  mouth. 

The  headwaters  in  Cambria  and  Clearfield  counties  lie  in  a rich, 
bituminous  coal  mining  area,  the  country  being  thickly  settled  and 
dotted  with  boroughs  and  villages.  Some  farming  is  carried  on  in 
this  area,  and  the  mountains  are  partly  covered  with  second  growth 
timber.  From  Clearfield  to  Lock  Haven  the  basin  is  sparsely  settled. 


(inging  Station  on  A\'t'st  Itiain-li  Sn.s(nn'lianna  Kivin-  at  Kcnovo. 
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little  farming  being  carried  on,  and  the  country  in  general  is  rough 
and  rugged,  the  hills  being  rvell  covered  with  second  growth  timber. 
From  Lock  Haven  to  the  mouth  the  drainage  basin  is  well  settled 
along  the  main  .stream,  and  most  of  the  tributaries.  Considerable 
farming  is  carried  on  in  the  valleys,  but  the  mountains  are  rugged 
and  covered  with  second  growth. 

The  entire  drainage  basin  is  mountainous  and  rugged,  and  the 
river  from  its  headwaters  follows  a winding  course,  through  a narrow 
channel,  hemmed  in  hr*  the  hills  and  mountains,  parallel  to  and  west 
of  the  Backbone  Ridge  of  the  Allegheny  Mountains,  cutting  through 
the  mountains  as  it  turns  southward  at  Halls.  Tlie  slope  of  the 
headwaters  is  steep,  the  river  often  falling  at  the  rate  of  eight  feet 
per  mile,  to  Keating,  hrrt  from  this  point  the  slope  l)econres  less  steep, 
falling  to  the  mouth  at  an  average  rate  of  two  arrd  one-half  feet  per 
mile.  Only  a small  section  of  the  northeastern  corner  of  this  basiir 
lies  within  the  glacial  area.  Extensive  limestone  areas  irnderlie 
some  of  the  tributaries  which  lie  to  tlie  south  of  the  main  stream,  and 
in  the  Allegheiry  Mourrtairrs. 

The  principal  tribrrtaries  are  Clearfield,  Moshannon,  Sinnemahon- 
ing.  Kettle,  Bald  Eagle,  Pine,  Lycoming  and  Loyalsock  creeks. 

The  principal  towns  irr  the  basirr  are  Williamsport  and  Lock  Haven 
cities,  aird  marry  large  bororrghs  and  farming  aird  miniirg  villages. 

Many  domestic  water  sirpplies  are  obtained  from  the  tributaries 
of  the  stream,  brrt  only  a few  frorrr  the  parent  stream. 

The  northern  portiorr  of  the  basin  is  srrbject  to  a mearr  annual  pre- 
cipitation of  35  to  40  inches,  and  the  soirtherrr  part  from  40  to  45 
inches. 

The  discharge  is  rrreasrrred  at  Eerrovo  and  Williamsport,  the  sta- 
tions having  been  established  October  1,  1005,  and  March  1,  1895, 
respectively. 


SUSQUEHANNA  BASIN— STATION  NO.  8. 


WEST  BRANCH  OF  SUSQUEHANNA  RIVER  AT  RENOVO. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Weather  Bureau 
on  September  1st,  1905,  and  is  located  on  the  Eighth  Street  Bridge, 
Eenovo. 

The  channel  is  straight  for  100  feet  above  and  3,000  feet  below  the 
station.  Both  banks  are  high  and  not  subject  to  overflow.  The  bed 
is  rocky  and  permanent. 
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])iscli:ii'ge  measiiremeiits  are  taken  from  the  downstream  side  of 
the  bridge  and  by  wading  at  a section  2,000  feet  above  the  bridge, 
at  the  foot  of  Third  Street.  The  initial  point  for  soundings  is  the 
end  of  Jiand-rail  left  downstream  side.  A standard  cliain  gage  is 
fastened  to  the  upstream  hand-rail  near  the  north  pier,  the  length 
of  chain  from  the  bottom  of  weight’ to  the  marker  being  41.06  feet. 
The  elevation  of  zero  is  037.4  feet  al)Ove  mean  sea  level.  Bench  Mark 
No.  1 is  southwest  corner  of  nortli  al)ntnient  of  bridge,  chiselled  in 
stone  face  ten  feet  above  low  water  mark,  established  from  P.  E.  E. 
gage  on  north  j)ier;  elevation,  047.4  feet  above  mean  sea  level  or  10 
feet  above  zero  of  gage.  Bench  Mark  No.  2 is  a one  inch  offset  in 
the  upstream  corner  of  tlie  north  concrete  abutment,  one  foot  above 
the  bottom,  with  the  corner  above  the  projection  chiselled  out;  eleva- 
tion, 04.5.44  feet  above  mean  sea  level  or  8.04  feet  above  zero  of  gage. 
Bench  Mark  No.  3 is  a cluselled  rod  seat  on  a projection  in  the 
eleventh  course  down  from  the  bridge  seat  on  the  southwest  end  of 
the  stonework  of  the  north  abutment,  six  inches  below  a chiselled 
arrow  head;  elevation,  048.17  feet  above  mean  sea  level,  or  10.77  feet 
above  zero  of  gage. 

The  gage  is  read  once  daily  by  H.  L.  Baird. 

(lage  heights  were  read  on  the  1*.  E.  E.  gage,  which  was  painted 
on  the  upstream  side  of  the  north  ])ier,  by  voluntary  observers,  from 
.July  1st,  1805,  to  December  31st,  1003.  These  gage  heights  are  not 
considered  leliable  and  have,  therefore,  not  been  published.  Prom 
.January  1st,  1004,  to  Septemlter  1st,  1005,  no  readings  were  taken 
at  this  station.  From  this  latter  date  the  readings  were  taken  by 
tlie  P.  AVeather  Bureau  observer,  but,  on  account  of  the  unre- 
liability of  the  gage  heights,  to  .January  1st,  1008,  due  to  an  error 
in  chain  length,  no  data  is  jmblished  jirior  to  1008.  Since  September, 
1008,  the  AVater  Su]»ph^  Commission  has  obtained  20  discharge  meas- 
nrenients,  from  which  a satisfactory  lating  talde  has  been  derived. 

The  following  gage  heights  have  been  furnished  by  the  U.  S. 
AA^eather  Bureau.  The  data  prior  to  1012  will  be  found  in  the  1010- 
11  repoi't  of  the  AValc'r  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  WEST  BR.  SUSQUEHANNA  RIVER 
AT  RENOVO,  CLINTON  COUNTY,  PA. 

(Drainage  Area  2,990  Square  Miles.) 


No. 

Date. 

Hydrographer. 

Width. 

Area  of  section. 

, Mean  ^eloclty. 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1913 

ft. 

sec. 

ft. 

14 

March  5 

Boehringer  & Batley, 

412 

2616 

1.80 

2.55 

4,719 

0.6  measurement. 

15 

March  26 

Batlev,  

460 

5483 

G.26 

8.65 

31,323 

Surface  msmt. 

Ifi 

March  26 

Batley 

•WGr 

5934 

7.19 

9.79 

42,690 

vSurface  msmt. 

n 

March  27 

Batley,  

460 

6S99 

8.77 

11.85 

61,401 

CombinatioQ  meter  and 

float. 

18 

March  27 

Batley 

460 

7279 

9.42 

13.60 

68,579 

Surface  msmt. 

DISCHARGE  TABLE  FOR  WEST  BR.  SUSQUEHANNA  RIVER  AT  RE- 
NOVO, CLINTON  COUNTY,  FROM  JANUARY  1,  1908 


Gage  height. 

6 

a 

.a 

c 

m 

s 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

—1.10 

SO 

.80 

3230 

.70 

11670 

.60 

26850 

.50 

47750 

—1.00 

100 

.90 

3420 

.80 

12060 

.70 

27500 

.60 

4SGOO 

—0.90 

125 

2.00 

3620 

.90 

12460 

.80 

28150 

.70 

49500 

—0.80 

155 

.10 

3820 

5.00 

12S60 

.90 

28800 

.80 

50400 

—0.70 

190 

.20 

4020 

.10 

13260 

8.00 

29450 

.90 

51300 

—0.60 

230 

.30 

4240 

.20 

13660 

.10 

30100 

11.00 

52250 

—0.50 

280 

.40 

4460 

.30 

14100 

.20 

30750 

.10 

53200 

—0.40 

340 

.50 

4690 

.40 

14550 

.30 

31400 

.20 

54150 

—0.30 

400 

.60 

4930 

.50 

15000 

.40 

32100 

.30 

55100 

—0.20 

470 

.70 

5180 

.60 

15500 

.50 

32800 

.40 

56050 

—0.10 

640 

.80 

5440 

.70 

16000 

.60 

33500 

.50 

57000 

—0.00 

620 

.90 

5710 

.80 

16500 

.70 

34200 

.60 

5SOOO 

.10 

700 

3.00 

5980 

.90 

17000 

.80 

34900 

.70 

59000 

.20 

790 

.10 

6260 

6.00 

17500 

.90 

35600 

.80 

60000 

.30 

890 

.20 

6540 

.10 

18000 

9.00 

36300 

.90 

61000 

.40 

1000 

.30 

6810 

.20 

18550 

.10 

37000 

12.00 

62000 

.50 

1120 

.40 

7140 

.30 

19100 

.20 

37700 

.10 

63000 

.60 

1250 

.50 

7440 

.40 

19660 

.30 

384.50 

.20 

64100 

.70 

1390 

.60 

7760 

.50 

20225 

.40 

39200 

.30 

65200 

.80 

1530 

.70 

8080 

.60 

20800 

.50 

39950 

.40 

66300 

.90 

1680 

.80 

8400 

.70 

21400 

.60 

40700 

.50 

67400 

1.00 

1830 

.90 

8740 

.80 

22000 

.70 

41450 

.60 

68  GOO 

.10 

1990 

4.00 

9080 

.90 

22600 

.80 

42200 

.70 

69800 

.20 

2150 

.10 

9420 

7.00 

23200 

.90 

42950 

.80 

71000 

.30 

2320 

.20 

9780 

.10 

23800 

10.00 

43700 

.90 

72200 

.40 

2490 

.30 

10140 

.20 

24400 

.10 

44450 

13.00 

73400 

.50 

2670 

.40 

10G20 

.30 

25000 

.20 

45250 

.60 

2850 

.50 

10900 

.40 

25600 

.30 

46050 

.70 

1 3040 

.60 

, 11280 

1 

.50 

26200 

.40 

46960 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  WEST  BR.  SUSQUEHANNA  RIVER  AT  RENOVO,  CLINTON 

COUNTY,  PA. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  WEST  BR.  SUSQUEHANNA 
RIVER  AT  RENO  VO,  CLINTON  COUNTY. 

(Drainage  Area  2.990  Square  Miles,) 


MONTH. 


1912. 

January,  

February,  

March 

April,  

May,  

June,  

July,  

August,  

September,  

October 

November,  

December,  


The  year, 


Note.— Discharge  Jan.  6-Feb.  26, 


Discharge  in  Second-feet. 

Run-off. 

Second-feet 

Maximum. 

Minimum. 

Mean, 

per  square 

Depth  in 

mile. 

inches. 

3400 

1.137 

1 311 

45200 

3850 

1.288 

1.389 

59000 

2S50 

15300 

5.117 

5.899 

55000 

3520 

13000 

4.649 

5.187 

34600 

2560 

9880 

3,304 

3.809 

2390 

652 

1140 

0.381 

0.425 

5930 

934 

I860 

0.622 

0.717 

3/90' 

934 

1750 

0.585 

0.674 

23400 

1530 

5410 

1.809 

2.018 

12100 

1830 

4400 

1.472 

1.687 

6540 

2670 

4630 

1.515 

1.690 

8400 

1250 

4070 

1.361 

1.569 

5790 

1.937 

26.385 

and  Dec.  28-39  iuc.,  estimated  from  climatological  records. 


BALD  EAGLE  CREEK. 


DESCRIPTION  OF  BASIN. 

Bald  Eagle  creek,  a large  tributary  of  the  West  Branch  of  the 
Susquehanna  river  in  Centre  and  Clinton  counties,  drains  an  area 
of  approximately  780  square  miles.  Rising  on  the  southern  boundary 
in  the  western  part  of  Centre  county,  it  flows  northeasterly  through 
an  agricultuial  valley,  the  adjacent  hills  being  covered  with  second 
growth  timber.  The  valley  gradually  widens  to  a considerable 
breadth  as  the  stream  enters  Clinton  county,  continuing  to  its  mouth 
at  Lock  Haven,  the  total  length  being  about  50  miles,  and  the  water- 
shed oval  in  shape.  The  valleys  in  this  basin  are  extensively  farmed 
and  contain  numerous  boroughs  and  villages,  while  the  bordering 
ridges  are  nearly  all  covered  with  heavy  second  growth  timber.  This 
creek  rises  at  an  elevation  of  approximately  1,110  feet  and,  in  a dis- 
tance of  about  23  miles  to  Milesburg,  falls  at  the  rate  of  18  feet 
per  mile;  from  this  point  to  the  mouth  the  fall  is  approximately  five 
feet  per  mile.  The  principal  tributaries  are  Fishing,  Beech  and 
Spring  creeks.  Spring  and  Fishing  creeks  enter  from  the  south, 
draining  a limestone  section,  and  their  well  maintained  dry  weather 
flow  aids  largely  in  making  the  discharge  of  Bald  Eagle  creek,  in 
such  seasons,  a most  important  affluent  of  the  West  Branch.  Many  of 
the  smaller  tributaries  are  used  for  domestic  water  supply,  nearly 
all  the  boroughs  and  larger  villages  being  so  equipped. 
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The  nieun  annual  precipitation  over  the  greater  portion  of  the 
watershed  is  from  40  to  45  inches. 

The  Water  Suppl}"  Commission  of  Pennsylvania  maintains  three 
gaging  stations  in  this  hasin;  at  Beech  Cheek  station;  at  Milesburg; 
and  on  Spring  creek  near  Bellefonte.  A gaging  station  at  Castauea, 
one  mile  above  the  mouth,  was  formerly  operated  l)y  this  Commis- 
sion, but,  ou  account  of  being  inllnenced  l»y  backwater  from  the 
West  Branch  of  the  Sns(prehanna  river  during  medinm  and  high 
stages,  was  discontinued. 


SUSQUEHANNA  BASIN— STATION  NO.  9. 

BALD  EAGLE  CREEK  AT  MILESBURG. 


HESCKIPTION  OF  STATION. 

This  station  was  estaldislied  by  the  Water  Supply  Commission  of 
1‘ennsylvania  on  Feluuaiy  6th,  Ihli,  at  the  Pennsylvania  Railroad 
Bridge  Ko.  58,  over  Bald  Eagle  cicek,  at  iMilesburg,  800  yards  above 
the  mouth  of  Sjuing  creek. 

The  channel  above  the  station  is  almost  straight  for  800  feet,  Avhile 
below  the  station  there  is  a slight  bend  towaid  the  northwest  for 
about  500  feet.  The  light  bank  is  higli,  stec]),  and  rocky;  the  left 
bank  is  low,  but  tire  lailroad  embankment  juevents  Hood  water  going 
around  the  bridge.  The  Hood  cliannel  nnder  the  bridge  is  115.5  feet 
wide,  abutment  to  abniment.  The  lied  of  the  creek  consists  of  gravel 
and  stones  and  is  fairly  peimanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  railroad  bridge;  the  initial  point  for  soundings  being  the  face 
of  the  left  abutment  under  downstream  gnard-rail  along  the  tracks. 

A ten  foot  statf  gage  is  attached  to  the  downstream  side  of  the 
pier,  facing  to  tlie  left.  The  elevation  of  zero  is  arbitrary  datum. 
Bench  Maik  No.  1 is  cross  "X”  on  top  of  fourth  step  from  top  of 
left  downstream  wing- wall,  1.7  feet  in  from  end  of  step,  elevation, 
6.655  feet  above  gage  datum.  The  gage  is  read  twice  daily  by  P.  H. 
Ilaujit. 

Since  the  establishment  of  this  station  nine  discharge  measure- 
ments have  been  made.  Tlie  data  prior  to  1912  will  be  found  in  the 
1910-11  report  of  the  Water  Sup])ly  Commission. 
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DISCHARGE  MEASUREMENTS  OF  BALD  EAGLE  CREEK  AT  MILES- 
BURG,  CENTRE  COUNTY,  PA. 

(Drainage  Area  ikO  Square  Miles. j 


No. 

Date. 

Hydrographer. 

Width. 

Area  of  section. 

1 

Mein  velocity.  j 

1 

Gage  height. 

6 

rt 

ja 

o 

Vi 

Remarks. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1913 

ft. 

sec. 

ft. 

5 

Jan.  9 

Langenlieim,  

9S 

371 

3.33 

3.1G 

1243 

Surface  measurement. 

6 

Jan.  9 

Langenheim,  

o,-> 

331 

2.52 

2. SO 

843 

Surface  measurement. 

7 

•Jan.  10 

Langenheim,  

91 

280 

1.82 

3.25 

509 

Surface  measurement. 

S 

March  6 

Boehringer  & Batley, 

S3 

190‘ 

0.73 

1.20 

13S 

Surface  measurement. 

9 

March  28 

Batley 

104 

3'S 

3.96 

3.08 

1118 

Surface  measurement. 

DISCHARGE  TABLE  FOR  BALD  EAGLE  CREEK  AT  MILESBURG,  CEN- 
TRE COUNTY,  FROM  FEB.  6,  1911. 


Gage  height. 

<L> 

cS 

cc 

^2 

o 

Cl 

tx. 

c 

a 

tt 

fc- 

c 

“C' 

y. 

+1 

% 

’c 

c 

fcjt) 

y. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

0.00 

.10 

105 

.20 

470 

.30 

1340 

.40 

2900 

.10 

1 

.20 

125 

,30 

525 

.40 

1460 

.50 

mo 

.20 

3 

.30 

145 

.40 

580 

.50 

1590 

.60 

3220 

.30 

6 

.40 

170 

.50 

640 

.60 

1720 

.70 

3390 

.40 

13 

.50 

195 

.00 

700 

.70 

1850 

.80 

3560 

.50 

21 

.60 

22-5 

.70 

770 

.80 

1990 

.90 

3730 

.60 

31 

.70 

260 

.SO 

840 

.90 

2130 

5.00 

3900 

.70 

43 

.80 

395 

.90 

920 

4.00 

22S0 

.80 

57 

.90 

355 

3.00 

1010 

.10 

2430 

.90 

71 

2.00 

375 

.10 

1110 

.20 

25S0 

1.00 

S7 

.10 

420 

.20 

1220 

.30 

2740 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  BALD  EAGLE  CREEK  AT  MILESBURG,  CENTRE  COUNTY.  PA. 
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aMax.  6^00'  at  4 p.  m. ; g57000  sec.  ft.  bMax.  4.10'  8 a.  m.;  2430  sec.  ft.  cMax.  4.90'  at  4 p.  m. ; 3730  sec.  ft.  dMax.  3.40'  at  4 p.  m. ; 1460  sec.  ft. 
cMax.  2.25'  at  4 p.  ui.;  49S  sec.  ft.  fMax.  3.^'  at  4 p.  m.:  1780  sec.  ft.  gEstiruated.  *Creek  frozen  over.  Discharge  Jan.  5 to  March  14  inclusive,  estimated 
from  climatological  records. 


ESTIMATED  MONTHLY  DISCHARGE  OF  BALD  EAGLE  CREEK,  AT 
MILESBURG,  CENTRE  COUNTY,  PA. 

(Drainage  area  I'D  square  miles.) 


MONTH. 


1912. 

January,  

February 

March,  

April,  

May 

June 

July,  

August,  

September,  

October 

November,  

December,  

The  year,  


Discharge  in  Second-feet. 

Run-off. 

Second-feet 

Maximum. 

Minimum. 

Mean. 

per  square 

Depth  in 

mile. 

inches. 

124 

0.886 

1.022 

142 

1.014 

1.093 

5700 

871 

6.221 

7.172 

2430 

iSo 

487 

3.479 

3.882 

3730 

64 

388 

2.771 

3.195 

113 

6 

24 

0.171 

0.191 

57 

3 

8 

0.057 

0.066 

22 

2 

6 

0.043 

0.060 

1460 

4 

102 

0.729 

0.813 

498 

13 

71 

0.507 

0.584 

1780 

3S 

138 

0.986 

1.100 

39S 

43 

110 

0.786 

0.906 

206 

1,471 

20.074 

Jan.  5 to  March  14,  inclusive,  creeU  frozen;  discharge  estimated  from  climatological  records. 


SPRING  CREEK. 


DESCRIPTION  OP  BASIN. 

Spring  creek,  an  important  tributary  of  Bald  Eagle  creek,  drains 
an  area  of  approximately  145  square  miles,  rising  in  the  south  cen- 
tral part  of  Centre  county  and  flowing  in  a general  northerly  direc- 
tion through  a rich  aud  thickly  inliabited  farming  section,  to  its 
mouth  at  Milesburg,  a distance  of  about  20  miles,  the  basin  being 
approximately  pear  shaped.  Its  course  is  winding,  the  slope  being 
rapid  at  the  headwaters  and  gradually  decreasing  as  the  mouth  is 
reached.  There  are  many  small  tributaries  rising  in  the  well  tim- 
bered mountains,  but  throughout  a stretch  of  ten  miles  of  this  stream, 
from  above  State  College  to  Bellefonte,  no  surface  tributaries  enter 
it.  Throughont  this  section  the  valley  and  surrounding  hills  are 
underlain  with  limestone,  sink  holes  being  much  in  evidence,  and  the 
drainage  of  this  part  of  the  watershed  appears  in  numerous  lime- 
stone springs  close  to  the  creek  banks,  the  largest  of  which  is  Belle- 
fonte Spring  at  Bellefonte,  with  a continuous  flow  of  approximately 
9,000,000  gallons  daily.  The  dry  weather  flow  of  this  creek  is  very 
large,  and  plays  an  important  part  in  maintaining  the  low  water 
flow  of  Bald  Eagle  creek.  In  this  watershed  lie  State  College,  Belle- 
fonte and  Centre  Hall  boroughs,  and  many  large  farming  villages. 
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nearly  all  of  which  towns  obtain  domestic  water  svipply  from  the 
upper  tributaries  of  Spring  creek,  while  the  main  stream  is  used  at 
numerous  points  by  small  water  ])ower  installations. 

The  watershed  lies  partly  in  an  area  35  to  40  inches  and  partly  in 
an  area  of  40  to  45  inches  mean  annual  precipitation. 

The  discharge  of  this  stream  has  been  measured  since  February 
7,  1!)11,  about  one  mile  below  Bellefonte. 


SITSQ)UEIIANNA  BASIN— STATION  NO.  10. 


SPRING  CREEK  AT  BELLEFONTE. 


DESCRIPTION  OF  STATION. 

This  station  was  establislied  by  the  Water  Supply  Commission  of 
I'ennsylvania  on  Febiuary  7,  Ittll,  on  a through  truss,  iron,  high- 
way bridge,  one  mile  below  Bellefonte. 

The  channel  is  straight  for  300  feet  above  the  station,  but  there 
is  a l)end  to  the  left  SO  feet  below.  The  bed  of  the  creek  is  of  gravel 
and  stone,  and  is  fairly  pei  nianent.  Both  banks  are  flat  and  over- 
tlow  duiing  high  water. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  liiglnvay  bridge;  the  initial  point  for  soundings  being  the  face 
of  the  left  abutment  on  the  downstream  side  of  the  bridge,  under  the 
guard-rail. 

A staff  gage  is  bolted  to  the  downstream  face  of  the  left  abutment 
of  the  highway  bridge.  The  elevation  of  zero  is  arbitrary  datum. 
Bench  Mark  No.  1 is  a chiselled  mark  on  doAvnstream  corner  of 
downstream  edge  of  left  abutment;  elevation,  7.56  feet  above  gage 
datum.  The  gage  is  read  twice  daily  by  J.  H.  Oliger. 

There  is  a canal  about  300  feet  east  of  the  creek  proper,  which 
carries  a very  small  ftart  of  the  ffoAV  of  the  stream,  most  of  which 
is  leakage  through  the  head  gates.  Discharge  measurements  made 
from  the  concrete  bridge  over  the  canal  indicate  that  the  mean  daily 
discharge  is  ai)proximately  six  cubic  feet  per  second  during  the 
entire  year,  which  has,  therefore,  been  added  to  the  daily  discharge. 

Since  the  establishment  of  this  station  seven  discharge  measure- 
ments have  been  made  of  the  creek  proper  and  the  canal. 

The  data  prior  to  1912  will  be  found  in  the  1910-11  report  of  the 
Water  Supply  Commission. 


Gaging  Station  on  Spring  Creek,  near  Bellefonte. 
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DISCHARGE  MEASUREMENTS  OF  SPRING  CREEK  NEAR  BELLE- 
FONTE,  CENTRE  COUNTY,  PA. 

(Drainage  area  05  square  miles.) 


No. 

Date. 

Hydi’ographer. 

Width. 

Area  of  section. 

xk 

O 

o 

% 

p 

rt 

4) 

a 

a 

o 

4 

tX) 

o 

Discharge. 

1 

Remarks. 

5 

1913 

Jan.  9 

Langenheim,  

Feet. 

88 

Sq. 

ft. 

202 

Ft. 

per 

^c. 

2.55 

Feet. 

2.50 

Sec. 

ft. 

' 516 

Creek  proper.  Surface 

Jan.  9 

Langenbeim,  

9 

10 

0.75 

1.32 

7.2 

msmt. 

Canal.  Sur,  rasmt. 

6 

March  6 

Eoehringer  and  Batley 

?8 

128 

1.76 

1.74 

225 

Creek  proper.  Surface 

March  6 

Bochringer  and  Batley 

25 

14 

0.33 

1.00 

4.6 

msmt. 

Canal.  Sur.  msmt. 

7 

March  28 

Batley 

88 

269 

3.58 

3.32 

963 

Creek  proper.  Surface 

March  28 

Batley 

25 

16.8 

0.35 

1.10 

5.8 

msmt. 

Canal.  Sur.  msmt. 

DISCHARGE  TABLE  FOR  SPRING  CREEK,  NEAR  BELLEFONTE,  CEN- 
TRE COUNTY,  FROM  FEB.  7,  1911 


Gage  height. 

i 

Discharge. 

Gage  height. 

1 

i 

i Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

c) 

fcfl 

C3 

<D 

!/} 

c* 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

1.00 

87 

.70 

215 

.40 

445 

.10 

800 

.80 

1380 

.10 

101 

.80 

240 

.50 

485 

.20 

870 

.90 

1480 

.20 

116 

.90 

270 

.60 

530 

.30 

940 

4.00 

1590 

.30 

132 

2.00 

300 

.70 

575 

.40 

1010 

.40 

150 

.10 

335 

.80 

625 

.50 

1090 

.50 

170 

.20 

370 

.90 

680 

.60 

1180 

.60 

192 

.30 

405 

3.00 

740 

.70 

1280 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  SPRING  CREEK,  NEAR  BELLEFONTE,  CENTRE  COUNTY,  PA. 
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D-  rr  CO  to  to 

rH  1—1  rH  rH  rH 

■'H  lA  rH  IQ  CO 
to  to  C-  CO  m 

rH  rH  I-H  rH  rH 

1.66 

1.59 

1.64 

1.65 

1.65 

to  to  lA  IQ  OT 
to  t-  to  L—  C- 

1-H  rH  rH  rH  PI 

f I<A>  OT  CO  lA 
<S»  rH  OT  OT  O 

PI  PI  rH  rH  CO 

OD  © 00  © • 

rf  C-  rH  © ■ 

PJ  PI  CM  PI  • 

’/j 

Cp  W rH  OO 

CO  P1  rH  ^ IQ 
CO  COCO  P4  PI 

PI  PI  PI  to  PI 

sasasa 

PI  to  OT  rH  05 

IQ  CO  PM  HI 

^ PI  PI  PI  CM 

-H  rH  I-H  O 

CO  to  to  P-  t- 
CI  P4  PI  Pi  P4 

to  to  -H  05 
Fl  P^  CO  c5 

© © rH  © rH 

326 

y. 

HO 

05  I Q Pi  tO  rjl 

O O O 05  CO 

PI  PM  PI  rH  rH 

P1  PI  P J <S>  Pj 
CO  05  CO  CO  00 

rH  rH  rH  rH  rH 

CM  to  CO  OT  rH 
00  C-  1-  P-  CO 

rH  rH  rH  ^1  rH 

lA  IQ  IQ  OO  00 
OT  OT  00  CO 

l.SO 

1.80 

1 1.96 
2.06 
1.81 

© © © Pi  -H 
OT  C—  L—  t'-  C- 

rH  rH  rH  rH  rH 

1.72 

(S'. 

DAY. 

rH  PI  CO  lO 

to  t-  CO  05  ^ 

rH  ^ CO  ^ ^ 

to  P-  OT  C> 

iH  rH  rH  rH  PJ 

rH  PI  CO  mA 
PM  PM  PJ  PI  Pj 

© t—  OT  © © 
PI  PM  PM  PI  OT 

31 

el700  sec.  ft.  b Max.  6.20  at  8:00  a.  m.;  e4780  sec.  ft.  o Estimated.  6 see.  ft.  added  for  canal  to  daily  discharge. 


(i:i,2in,c  on  Itnld  Eagle  Creek,  at  l!eech  Creek  Station,  Clinton  Co. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  SPRING  CREEK  NEAR  BELLE- 

FONTE,  CENTRE  COUNTY, 

(Drainage  area  IJfS  square  miles). 


MONTH.  1 

Discharge  in  Second-feet. 

Runoff. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

January 

338 

22S 

260 

1.793 

2.067 

February 

elTOO 

194 

294 

2.028 

2.187 

March,  

elT.SO 

239 

603 

4.159 

4.795 

April,  

698 

310 

436 

3.007 

3.355 

May 

558 

303 

431 

2.672 

3.426 

June,  

294 

no 

250 

1.7!^ 

1.923 

July 

270 

19S 

215 

1.483 

1.710 

August 

226 

198 

m 

1.414 

1.630 

September,  

276 

191 

210 

1.448 

1.616 

October 

221 

187 

198 

1.366 

1.575 

November,  

3tl 

1S7 

233 

1.607 

1.793 

December 

216 

174 

200 

1.379 

1.590 

The  year,  

e47S0 

174 

29a 

2.032 

27.667 

e Estimated. 


SUSQUEHANNA  BASIN— STATION  NO.  11. 


BALD  EAGLE  CREEK  AT  BEECH  CREEK  STATION. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission 
of  Pennsylvania  on  June  23rd,  1910,  at  the  three  span,  pony-truss, 
highway  bridge,  immediately  above  Beech  Creek  station,  on  the 
Pennsylvania  Railroad. 

The  channel  is  straight  for  150  feet  above  the  station,  with  Beech 
creek  entering  at  right  angles  from  the  we.st  immediately  above  the 
bridge,  while  the  channel  below  the  station  is  straight  for  GOO  feet. 
The  direction  of  the  current  is  straight  under  the  lower  side  of  the 
bridge.  The  right  bank  is  35  feet  above  the  lied  of  the  creek,  while 
on  the  left  there  are  flats  8 to  10  feet  above  the  bed.  The  bed  of  the 
creek  is  of  rock,  gravel  and  mud. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge;  the  initial  point  for  soundings  being  the  end  of  the 
wooden  guard-rail  on  the  downstream  side  at  the  east  end  of  the 
bridge. 


8 
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A st:ui(lai(l  eliaiii  gage  is  iasteiied  to  the  guard-rail  iu  the  fifth 
](aiiel  from  the  east  eud  on  tlie  uiistreain  side  of  the  bridge.  The 
length  of  chain  from  the  liottom  of  the  weight  to  the  marker  is  35.37 
feet.  The  elevation  of  zero  is  arbitrary  datum.  Beuch  Mark  No.  1 
is  chiselled  on  the  outer  downstieam  corner  of  the  right  bridge  seat; 
elevation,  1!).085  feet  above  zero  of  gage.  The  gage  is  read  twice  daily 
liy  S.  C.  jMains,  Station  Agent. 

Since  the  establishment  of  this  station  six  discharge  measure- 
ments have  been  made.  Owing  to  the  insutBcient  number  of  discharge 
measui  enumts,  no  rating  curve  has  been  computed  for  this  station, 
and  only  the  discharge  measurements  and  daily  gage  heights  have 
been  ]tublished.  The  data  prior  to  11)12  will  be  found  in  the  1910-11 
i-e]*ort  of  the  Water  Supply  Commission. 


DISCHARGE  IMEASUREMBNTS  OF  BALD  EAGLE  CREEK,  AT  BEECH 
CREEK  STATION,  CLINTON  COUNTY,  PA. 

(Drainage  area  -iCJ  square  miles.) 


No. 

Pate. 

Hydrographer. 

Width, 

1 

1 

j Area  of  section. 

1 

! 

Mean  velocity.  j 

Gage  height. 

Discharge. 

IlemaiivS. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1913 

ft. 

sec. 

ft. 

March  2S 

Batley 

249 

1475 

4.56 

6.60 

6719 

Surface 

measurement. 

6 

March  2!t 

Batley,  

ZL'o 

ms 

3.52 

-i.S6 

3713 

Surface 

measurement. 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGE  OF  BALD  EAGLE  CREEK  AT  BEECH  CREEK,  CLINTON  COUNTY,  PA. 
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PINE  CREEK. 


DESCRIPTION  OF  BASIN. 

Pine  creek,  one  of  the  major  tributaries  of  the  West  Branch  of 
the  Sns(iuehauna  river,  drains  an  area  of  approximately  975  scpiare 
miles  in  l*otter,  Tioga  and  Lycoming  counties.  Rising  in  the  north- 
eastei  n ]>art  of  Potter  county,  on  the  divide  of  the  Allegheny,  Gene- 
see ami  Susquehanna  river  basins,  it  llow^s  in  a general  southeasterly 
directions  to  its  mouth  at  Jersey  Shore,  Lycoming  county,  a distance 
of  a]i]>roximately  75  miles. 

The  headwaters  are  steep  and  rai)id,  tlowing  tlirough  narrow  val- 
leys to  Galeton,  Potter  countrq  from  which  point  the  creek  continues 
in  a lu’oader  valley  and  with  less  fall,  passing  through  extensive 
marshy  areas  into  Tioga  count}’,  where  it  turns  southward  through 
a deeji,  narrow  valley,  with  considerable  fall,  walled  in  on  either  side 
by  high  table  land,  through  which  it  has  cut  a channel  with  steep, 
])reciiutous  sides,  nearly  to  its  mouth,  where  the  valley  again 
liioadens  out.  This  stream  has  many  tributaries,  the  most  import- 
ant being  West  Branch,  Marsh  run,  Babb  Creek  and  Little  Pine 
creek.  Practically  the  entire  watershed  is  well  covered  with  second 
gi-owth  timber,  there  being  i)roportionately  little  cultivated  land. 
The  headwaters  of  Pine  creek  lie  within  the  glacial  area.  There  are 
numerous  small  villages  in  its  basin,  and  a few  boroughs  of  con- 
siderable size,  some  of  Avhich  obtain  their  water  supply  therefrom. 

The  u])})er  ])art  of  the  watershed  is  subject  to  a mean  annual  pre- 
cipitation of  35  to  40  inches,  while  the  lower  part  lies  in  an  area  of 
from  40  to  45  inches. 

The  discharge  has  been  measured  since  July  15,  1908,  at  Water- 
ville,  13^  miles  above  the  mouth. 


SUSQUEHANNA  BASIN— STATION  NO.  12. 


PINE  CREEK  AT  WATERVILLE. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Sujiply  Commission  of 
Pennsylvania  on  July  15,  1908,  at  a single  span,  through  truss,  high- 
Avay  bridge,  three-quarters  of  a mile  above  the  railroad  station  at 
Waterville. 
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The  channel  is  straight  for  1,000  feet  above  the  station  and  for 
500  feet  below;  there  is  a rilile  1,000  feet  above  and  one  three  hun- 
dred feet  below  the  station.  The  right  bank  overflows  in  extreme 
stages,  such  as  the  flocds  of  ISlio  and  ISGO,  while  the  left  bank  is 
high  and  does  not  overflow.  The  bed  of  the  creek  is  of  gravel  and  is 
permanent. 

Discharge  measuiements  are  taken  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  the  right  end  of  the 
downstream  hand-rail. 

A staudaid  chain  gage  is  attached  to  the  downstream  hand-rail 
of  the  bridge.  The  length  of  chain  from  the  bottom  of  the  weight 
to  the  marker  is  1*9.08  feet.  The  elevation  of  zero  is  arbitrary 
datum.  Bench  Mark  No.  1 is  a projection  on  stone  2.7  feet  in  from 
face  of  right  abutment,  downstream  side  or  wing,  lowest  stone;  dog 
mark  on  stone,  elevation  7.088  feet  above  zero  of  gage.  Bench  Mark 
No.  2 is  a projection  on  stone  S.S  feet  in  from  face  of  right  abutment, 
downstream  side,  fourth  stone  in  from  face  of  abutment,  fourth  stone 
up  from  ground.  The  gage  is  read  twice  daily  by  Howard  Harris. 

Since  the  establishment  of  this  station  30  discharge  measurements 
have  been  taken.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  ^MEASUREMENTS  OF  PINE  CREEK,  AT  WATERVILLE, 

LYCOMING  COUNTY,  PA. 

(Drainage  area  750  square  miles.) 


No. 

Date. 

Hydrographer. 

Width. 

Area  of  section. 

1 

1 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1013 

ft. 

sec. 

ft. 

30 

March  4 

Boeliriuger  & Batley, 

L'30 

533 

1.36 

2.66 

723 

0.6  msmt.  Nearly  ^ of 

creek  was  frozen  area. 

DISCHARGE  TABLE  FOR  PINE  CREEK,  AT  WATERVILLE,  LYCOMING 
COUNTY,  FROM  JULY  16TH,  1908. 


Gage  height.  | 

Cj 

U 

5 

<j 

s 

o 

ba 

a 

O 

6 

be 

rt 

.a 

o 

tti 

5 

’Z 

<V 

be 

rt 

6 

bL 

cS 

.a 

<D 

Gage  height. 

Discharge. 

5 

'o 

Si 

o 

fco 

c3 

O 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

.60 

26 

3.00 

1835 

.40 

6160 

.80 

127(10 

.20 

207  50 

.70 

40 

.10 

1960 

.50 

6410 

.90 

13000 

.30 

21120 

.so 

60 

.20 

2090 

.60 

6660 

8.00 

18360 

.40 

21490 

.90 

95 

.30 

2220 

.70 

6910 

.10 

13600 

.50 

21870 

1.00 

130 

.40 

2355 

.80 

7163 

.20 

13900 

.60 

22260 

.10 

175 

.50 

2500 

.90 

7420 

.30 

142fK> 

.70 

22650 

.20 

225 

.60 

2643 

6.00 

7675 

.40 

14510 

.80 

23043 

.30 

280 

.70 

2790 

.10 

7930 

.50 

14S30 

.00 

23445 

.40 

335 

.80 

2935 

.20 

8185 

.60 

15160 

11.00 

23S3(> 

.50 

400 

.90 

3090 

.30 

84^0 

70 

15490 

.10 

242S0 

.60 

465 

4.00 

3250 

.40 

8700 

.80 

15820 

.20 

24650 

.70 

535 

.10 

3410 

.50 

8965 

.90 

16150 

.30 

26060 

.80 

610 

.20 

.60 

9230 

9.00 

16490 

.40 

25450 

.90 

695 

.30 

37.50 

.70 

9500 

.10 

16830 

.50 

26850 

3.00 

780 

.40 

3940 

.80 

9775 

.20 

17170 

.60 

26260 

.10 

870 

.50 

4130 

.90 

imo 

.30 

17515 

.70 

26670 

.20 

965 

.60 

4320 

7.00 

10325 

.40 

17860 

.80 

zim 

.30 

1065 

.70 

4520 

.10 

10610 

.50 

18310- 

.90 

27490 

.40 

1165 

.80 

4740 

.20 

10903 

.60 

18570 

12.00 

27900 

.50 

1265 

.90 

4970 

.30 

11200 

.70 

18930 

.10 

28320 

.00 

1370 

5.00 

5201 

.40 

11500 

.80 

19290 

.20 

28740 

.70 

1480 

.10 

5430 

.50 

1181)0 

.90 

19650 

30 

29160 

.80 

1595 

.20 

5670 

.60 

12100 

10.00 

20010 

.40 

29580 

.90 

1715 

.30 

5910 

.70 

12400 

.10 

20380 

.50 

30000 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OP  PINE  CREEK  AT  WATERVILLE,  LYCOMING  COUNTY,  PA. 
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inclusive,  estimated  from  climatological  records. 
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ESTIMATED  ^MONTIII.Y  DISEHARGE  OE  PINE  CREEK,  AT  WATER- 
VIELE,  EYCU:\IING  COUNTY,  PA. 


(Drainage  area  750  square  miles.) 


MONTH. 

Discharge  in  Second-feet. 

Run-off. 

Miixiraurn. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

683 

0.911 

1.060 

765 

1.020 

1.100 

1041X1 

2797 

3.729 

4.299 

April 

14300 

985 

3S40 

5.120 

5.712 

Mav 

0990 

eao 

3430 

3.240 

3.735 

Juno 

CIO 

95 

268 

0.359 

0.401 

July,  

fiSo 

95 

100 

0.253 

0.292 

August 

400 

130 

218 

0.291 

0.335 

September,  

1020 

210 

611 

0.815 

0.910 

(.Ictober,  

lUK) 

302 

577 

0.769 

0.887 

November 

22d0 

470 

927 

1.236 

1.379 

December,  

2560 

458 

978 

1.306 

1.504 

The  year 

1190 

1.587 

21.604 

Note. — Discb;irge  .lau.  5 to  Marcli  14,  inclusive,  estimated  from  climatological  records. 


LYCOMING  CREEK. 


DESCRIPTION  OF  BASIN. 

Lycoming  ci-eek,  a tiilmtary  of  tlie  West  Branch  of  the  Susque- 
hanna river  in  the  cential  part  of  Lycoming  county,  drains  an  ap- 
jiroxiniale  area  of  275  square  miles.  Rising  in  tiie  southwestern 
corner  of  Bradford  county,  it  flows  in  a general  southerly  direction 
lliroiigh  Bradford,  Tioga  and  LAT-oming  counties,  a distance  of  34 
miles,  to  its  moutli,  a short  distance  above  Williamsiiort.  Tlie  upper 
]>ortion  of  this  stream  and  its  tributaries  lie  Avithin  the  glacial  area, 
in  a sparsely  inliabited  region,  well  covered  Avith  second  growth  tim- 
lier,  the  valleys  being  generally  narroAv,  the  side  hills  high  and  steeji 
and  the  fall  rapid.  Throughout  tlie  loAver  section  the  valley  is  wide 
and  the  stream  has  a flat  slope  through  an  agricultural  region. 
There  are  numerous  small  tributaries,  the  largest  being  Roaring 
Branch.  Only  a fcAv  villages  lie  along  this  stream,  the  larger  being 
near  the  mouth.  This  creek  and  its  tributaries  are  used  to  some  ex- 
tent for  jifiAver  purjioses  by  grist  mills. 

The  mean  annual  precipitation  oatc  the  greater  portion  of  this 
watershed  is  from  40  to  45  inches. 

The  discharge  of  this  creek  has  been  measured  since  July  14,  1908, 
at  Bridge  No.  2 of  the  Northern  Central  Railroad,  three  miles  above 
the  mouth. 
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SUSQUEHANNA  BASIN— STATION  NO.  13. 


LYCOMING  CREEK  AT  BRIDGE  No.  2,  NEAR  WILLIAMSPORT. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply'  Coiiiniissiou  of 
Pennsylvania  on  -Inly  14th,  1908,  in  co-oi)eiation  with  the  Northern 
Cential  Railroad  Company,  at  a single  span,  steel,  throngh  truss, 
highway  bridge,  jnst  above  the  Northern  Central  Railroad  Bridge 
No.  2,  abont  three  miles  from  Williams])ort.  It  is  the  second  high- 
way bridge  above  the  morrth,  the  Northern  Central  Railroad  bi-idge 
crossing  the  creek  on  a skew  abont  200  feet  below  the  station. 

The  channel  is  straight  for  one-qnarter  mile  above  the  station,  and 
is  straight  for  several  hnndred  feet  below,  with  a riffle  abont  000  feet 
below.  Both  banks  are  high  and  only  overtlow  din  ing  extreme  high 
water.  The  bed  is  of  rocks,  gravel  and  clay,  and  is  fairly  i)ernianent. 
The  current  is  sluggish  and  the  channel  deep.  A fish  dam  300  feet 
downstream  was  partially  destroyed  in  the  fall  of  1908,  and  entirely 
destroyed  during  the  sirrnrrrer  of  1910. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge  dining  high  stages,  and  by  wading  just  below  the  bridge 
during  low  stages  of  the  creek.  Initial  jioint  for  soundings  is  edge 
of  bridge  seat  on  downstream  side  of  left  abutment. 

A standard  chain  gage  is  bolted  to  the  lower  chord  eyebar  or\  the 
upstream  side  of  the  bridge.  The  length  of  chain  from  the  bottom  of 
weight  to  the  marker  is  19.41  feet.  The  elevatiorr  of  zero  is  arbitrary 
datum.  Bench  Mark  No.  1 is  on  right  abrrtmerrt,  upsti'earn  face, 
fnithest  upstream  point  on  top  of  projecting  course,  eighth  course 
down  from  bridge  seat,  elevation,  8.184  feet  above  gage  datum.  Bench 
ilark  No.  2 is  on  left  abutment,  upstream  corrrer  of  second  conrse 
from  bottom,  conrse  being  only  three  inches  thick;  elevation,  .5.872 
feet  above  gage  datum.  The  gage  is  read  twice  daily  by  the  track- 
walker of  the  Northern  Central  Railroad  Company. 

On  acconnt  of  the  change  in  channel  conditions,  dne  to  the  fish 
darn  which  existed  below  the  station,  two  I'ating  curves  have  beerr 
computed. 

Since  the  establishnrent  of  this  station  29  discharge  nreasui'enrents 
have  been  made.  Data  prior  to  1912  will  be  found  in  the  1910-11  Re- 
port of  the  Water  Supi)ly  Commission. 
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DISCHARGE  MEASUREMENTS  OF  LYCOMING  CREEK,  AT  BRIDGE  NO. 
2,  NEAR  AVILLIAMSPORT,  LYCOMING  COUNTY,  PA. 


(Drainage  area  26S  square  miles.) 


No. 

Date. 

Hydrographer. 

Width. 

1 

Area  of  section.  1 

1 

Mean  velocity.  t 

1 

Gage  height.  j 

1 

Discharge. 

Remarks. 

1913. 

Feet. 

Sq.  ft. 

Ft. 

per 

sec. 

Feet. 

Sec.  ft. 

26 

Maroli  4, 

Boebringer  & Bat- 
ley. 

121 

5S3 

0.46 

2.77 

268 

0.6  measurement. 

DISCHARGE  TABLE  FOR  LYCOMING  CREEK,  AT  BRIDGE  NO.  2, 
LYCOMING  COUNTY  FROM  JULY  14tli,  1908  TO  DEC.  31st,  1909. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

9 

fcfl 

u 

a 

.3 

o 

m 

5 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

See. -ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

2.30 

IB 

.80 

770 

.30 

2070 

.80 

3435 

.30 

4800 

.40 

15 

.90 

845 

.40 

2160 

.90 

3530 

.40 

4890 

.50 

25 

4.00 

925 

.50 

2250 

7.00 

3620 

.50 

4985 

.60 

40 

.10 

1005 

.60 

23  JO 

.10 

3 'TO 

.60 

5075 

.70 

GO 

.20 

1090 

.70 

2430 

.20 

3800 

.70 

5165 

.SO 

90 

.30 

1175 

.80 

2525 

.30 

3890 

.80 

5255 

.90 

130 

.40 

1260 

.90 

2620 

.40 

■ 3980 

.90 

5345 

3.00 

IS', 

.50 

]350 

6.00 

2710 

.50 

4075 

9.00 

5440 

.10 

250 

.60 

1440 

.10 

2800 

.60 

4165 

.50 

5915 

.20 

320 

.70 

1530 

.20 

2890 

.70 

4255 

10.00 

6390 

.30 

390 

.80 

1620 

.30 

2980 

.80 

4350 

.10 

6485 

.40 

460 

.90 

1710 

.40 

3070 

.90 

4440 

.50 

535 

5.00 

1800 

.50 

3160 

8.00 

4530 

.60 

CIO 

.10 

1890 

.60 

3250 

.10 

4620 

.70 

C90 

.20 

1980 

.70 

3340 

.20 

4710 

DISCHARGE  TABLE  I'^OR  I YCOMING  CREEK,  AT  BRIDGE  NO.  2,  LYCOM- 
ING COUNTY,  FROM  JAN.  1ST.,  1910. 


aa 

.a 

.a 

u 

fcfl 

tD 

o 

U) 

bo 

Cl 

be 

Cl 

be 

c3 

a: 

u 

C3 

C3 

ai 

ct 

ja 

A 

A 

.a 

Cl 

as 

tc 

a 

tj) 

o 

w 

bO 

C3 

be 

C3 

w 

be 

cs 

£fl 

O 

5 

5 

o 

5 

O 

5 

O 

5 

2 20 

42 

2.40 

60 

2.60 

85 

2.80 

125 

3.00 

200 

.30 

50 

.50 

1 

70 

.70 

100 

.90 

160 

.10 

250 

note.— Tliis  rating  table  is  only  applicable  for  low  water  subsequent  to  1909.  Regular  rating 
table  used  above  3.1  feet. 


DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  LYCOMING  CREEK,  AT  BRIDGE  NO.  2,  NEAR  WILLIAMSPORT, 

LYCOMING  COUNTY,  PA. 


123 


O 

Q 


O <i>  O i.-?  C> 


m iTi  O c-i  »0 
C-J  00  Q «-J 
•»j«  eg  ca  iH  i-( 


r'co  cocococ'jcsj  cgcgcgcQiM  o-KNiegegcg  cgcgcgc-icgeg 


> 

O 

2 


5<S)C>^C> 
j uro  o o CP 
f eg  CM  ej  eg 


a 

6 


egrt^cD-^io  eocceoeoco  cocococgcg 


gc^jeiegcg  cgcgcgcgc 


O 

o 


O O O lA  i.es 

T-(  T-*  l-H  CO  CO 

CO  CP  «£>  ITS  irt 


lO  lO  L.O  lO  oo 
CO  CO  CO  CO  <3^ 
lO  lO  LO  uO 


OO  OO  IGI  O O 

Oi  eg  'o  CO 

Tj<  eg  i-H  rH 


cococococo  cococococo 


lO  lO  lO  <S> 

^ ■n'  o cs  05 

CO  CO  CO  O'!  eg 


o o o o o 


04  eg  eg  eg  eg  eg  eg  eg  eg  eg  ei  eg  eg  eg  eg  eg 


<i>  lo  o ^ o 

05  TP  1-1  ,-H  ^ 

O CO  CO  CO  <o 


H 

02 


eg  eg  eg  ej  eg  eg  eg  eg  ei  eg  eg  ej  eg  eg  eg 


0 0 0500 
Tp  Tp  -r  Tji 

eg  eg  eg  eg  eg 


cgeiegcouo  •g'cocococo  • 


e 


p 


ei  eg  eg  ei  ei 

Tp  TP  -P 


o O L.O  O eg 
1 0 t"  CO  00  05 
o t--  eg  th 


l£0  »0  l.O  O 00 
00  CO  CO  C'-  t- 


loeieioo  ooeiooo 
cooci— (OO  occoi— lOoe- 

t-H  1^  1— < 1—1  rH  rH  i— 4 


ooooo  oooOlo  lOOuoiOlo  oooom  otrsioOo  looioooo 

egegeicjcj  ei  eg  eg  co  i-i  i-i  co  t-i  o co  co  co  co  v-o  i_o  cocot- C5  os  t- i— r— uo 

eg  eg  eg  eg  eg  eg  eg  eg  eg  i-o  ip  co  co  eg  eg  eg  eg  eg  eg  eg  eg  e i ei  eg  eg  eg  ei  eg  eg  eg  eg 


ooooo  ooooo  ooooo  oooOo  ooiooco  oo  eg  eg  eg  eg 

ITS  lO  LO  ^ l-O  lO  lO  lO  L.O  lO  UO  UO  lO  lO  lO  lO  lO  lO  LO  lO  lO  l-O  CO  CO  t—  l—  L.O  Tp  TP  -p 


ooooo  ooooo  ooooo  ooooo  ooueoLo  oooooo 

cococococo  cococococo  cococococo  cococococo  coco-r-rrir:  i_ecoegegegeg 

eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  ei  eg 


Z 

P 

•“5 


< 


P 

< 


lo  m oo  o o ooooo 

CO  oo  t-  t-T  t-  IP-  CO  CO  CO 


ooooo  00010<=> 

cococococo  COCOCOlOUO 


ooooo  ooooo  • 

lo  -p  lO  lo  iO  o lo  lO  i.e  ITS  • 


OOiOOO  ooooo 

COCOlOlOlO  lOlOTpTP-t* 


eg  eg  eg  eg  eg  eg  eg  eg  eg  eg 


ooooo  OOOiOO 

TpTp-?pT5<-^»  tptptPCOCO 


eg  eg  eg  eg  eg  eg  eg  eg  eg  eg 


Oioooo  ooooo  • 
coegcoeeco  cecococeco  • 


eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  • 


D 


500io  oooirtio 
fOo-r  Tpc-coTpco 
t-coooo  coir-i—  0005 


lO  o o lo  o 

SSiSSS 


o o o ir5  o 


eg  o o o o o lo  ei  eg  lo  m 
t-  05  e I lo  o CO  ei  1-H  05  00  oo 
lOeoeoeMcg  i 


OOiOOO  OOlOOiO 
COCOTpogOS  05COCt050 


TpTprPTPco  cocoeoeoTp 


OiOOOO  icOOifeo 

Oicoeii— ICQ  coO'.-c'Oco 


CQtPtPtP^  TpTPTpTpcO 


lOOOOO  OOlOiCOO 
lOCOegi-HO  O5O0t-CDCOCD 


CQCQCOCQCQ  egegeiegegc^i 


OOOOO  OOOOO  ooooo 

cocDegTpo5  cocoioegeg  oococococo 

1— (COCDCQoo  t^coegoco  uoegegejeg 

CQcQCQCQcg  egegegeii-H  i-HrHi-iiHrH 


l£Q  to  O O CO 
oo  -p  r-  i-i  05 

CO  CO  C-  O TP 


lO  o O 00  o • 
e^  el  ej  o ei  • 

Tf  CQ  CQ  CO  o • 


O ic  O o o UQ  ic  O lA  o 
lo  O o I--  eg  o CD  uQ  eg  CO 


CDt-t-COCO  COIOLOiOtP 


lOOOOO  OOlAOO 

t-TpTPTprp  tptpuQtptP 


looooio  moOloo 

C5  05  CO  CO -r  cQcgeicoco 


CQCQCOCQCQ  CQ  CQ  CQ  CQ 


OOOOO  OOOOo 
UQ  lO  LQ  lO  UQ  P-  t'-  t-  CO 

eg  eg  eg  eg  eg  eg  eg  eg  eg  i-h 


ooooo 

Tp  Lf5  CD  TP  CO 
CO  eg  I-H  cQ  CD 
t-g  eg  eg  eg  eg 


> o o o c 

0 CQ  CQ  O C 
P lO  lO  CQ  ii 


p CQ  CQ  eg 


looooiQ  ooomo  oiAOiooi-o 

O LQ  rp  CO  C5  t—  I-  c-  -P  I-  00  CO  o »-Q  CO 

irtiOiouQio  irs-pTpTp-p  trcoirt 


p 

H 


'z 


’/) 


p 


CQ  CO  CO  CO  CO  CO  CD 


lO  lO  ID)  113  L 


eg  eg  eg  eg  eg 


4 eg  eg  eg  eg 


4XJ  CO 


OOOOO  LO  lo  ue  lo  uQ  lo  lo  to  lo  lo 

CD  CD  CO  CD  CO  CQCQCOCQCQ  CQCQCOCQCQ 

eg  eg  eg  eg  eg  cm  eg  eg  eg  eg  eg  eg  eg  eg  eg 


lO  LO  LD  lO  K 
CQ  CQ  CQ  CQ  C 

e 1 CM  eg  eg  c 


iQ  lo  in  to  lo 
CQ  CQ  CQ  CQ  CQ 
ei  eg  eg  eg  ei 


lo  to  to  lO  in  in 
CQ  CQ  CQ  CQ  CQ  CQ 
CM  eg  ei  eg  eg  cm 


«o  t-  CO  C5  o 


1-4  eg  ee  -p  in  co  i-  oo  o o i-h 
ei  eg  eg  ei  eg  eg  eg  eg  eg  co  cq 


Creek  frozen  Jan.  l-Mar.  14  inc.  Diseliarse  estimated  from  run-off  of  Pine  creek.  flee  went  out.  ‘Estimated.  a=Max.  S.IO  at  2.45  p.  m. ; 4620  sec.  ft 

=ilax.  5.30  at  8:30  a.  ni.  ; 2070  sec.  ft.  c=Max.  6.80  at  1:45  p.  m.  ; 3440  sec  ft.  d^Max.  6.90  at  8:45  a.  m.  ; 3530  sec.  ft. 
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I{:STII\IATED  M(3NTHLY  DISCHARGE  OF  LYCOMING  CREEK,  AT 
BRIDGE  NO.  2,  NEAR  WILLIAMSPORT,  LYCOMING  COUNTY,  PA. 


(Drainage  area  26S  square  miles.) 


MONTH. 

Discharge  in  Second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

■ 

239 

0.892 

1.028 

277 

1.034 

1.115 

4620 

1409 

5.257 

6.061 

April.  

3660 

320 

1600 

5.970 

6.661 

May 

1710 

So 

7.S6 

2.933 

3.381 

June,  

85 

46 

60 

0.224 

0.2.10 

July 

78 

42 

51 

0.190 

0.219 

August 

2070 

42 

205 

0.765 

0.882 

September 

3440 

60 

348 

1.298 

1.448 

85 

274 

1.022 

1.178 

November,  

1 3-530 

85 

34.1 

1.287 

1.436 

Deceiuber 

1440 

100 

429 

1.601 

1.846 

Tlie  year,  



502 

1.873 

25.505 

Note. — Discharge  .Tannary  1 to  March  14,  inc.,  estimated  from  run-ott*  of  Pine  creek. 


SUSQUEHANNA  BASIN— STATION  NO.  14. 


WEST  BRANCH  OF  SUSQUEHANNA  RIVER  AT  WILLIAMS- 
PORT. 


DESCRIPTION  OP  STATION. 

TliLs  station  was  established  by  the  United  States  Weather  Bu- 
reau on  Mareli  1st,  1895,  at  the  Market  Street  Bridge,  Williams- 
port. 

The  channel  is  al)Out  1,000  feet  wide  at  tlie  station,  broken  by  four 
}»iers.  It  is  straight  for  one-half  mile  above,  to  a low  wooden  dam, 
wliile  l)e]ow  it  is  straight  for  several  liundied  feet.  Both  banks  are 
high  and  rocky  and  do  not  overtloAV.  There  is  a fair  velocity,  except 
at  low  stages,  when  rvadiiig  measuiements  are  made  just  below  the 
dam  above  the  bridge.  The  bed  is  of  rock  and  gravel,  and  fairly 
I)ermanent. 

Discharge  measurements  are  taken  from  the  upstream  side  of  the 
bridge,  the  initial  i)oint  for  soundings  lieing  the  face  of  the  left  abut- 
ment. 

A standard  chain  gage  is  fastened  to  the  upstream  hand-rail  in 
the  first  span  from  the  left  end.  Length  of  chain  from  bottom  of 
weight  to  the  marker  is  40.22  feet.  The  elevation  of  zero  is  arbi- 
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trai’y  datum.  Beuch  Mark  No.  1 is  cut  iu  face  of  left  abutment, 
elevation  10  feet  above  gage  datum.  The  gage  is  lead  once  daily 
by  H.  H.  Guise,  Clerk  iu  the  City  Eugiiieer's  office. 

vSince  the  establishment  of  this  station  30  discharge  measurements 
have  been  made.  The  following  gage  heights  have  been  furnished  hy 
the  U.  S.  Weather  Bureau.  The  data  prior  to  1912  Avill  be  found  in 
the  1910-11  Eeport  of  the  Water  Sujiply  Commission. 


DISCHARGE  MEASUREMENTS  OF  WEST  BRANCH  SUSQUEHANNA 
RIVER,  AT  WILLIAMSPORT,  LYCOMING  COUNTY,  PA. 

(Draitiar/c  area  5,iiS0  square  miles.) 


No. 

Date. 

Hjdrograpber. 

Width. 

Area  of  section. 

.Moan  velocity  . 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sg.  ft. 

per 

Feet . 

Sec.  ft. 

1913. 

sec. 

30 

Marcli  5, 

Boeliringer  & Bat- 

S77 

51-13 

1.51 

3.31 

7906 

O.G  measurement. 

ley. 

DISCHARGE  TABLE  FOR  tVEST  BRANCH  SUSQUEHANNA  RIVER  AT 
WILLIAMSPORT,  LYCOMING  COUNTY,  PROM  JANUARY  1ST,  1912. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  heigiit. 

Discharge. 

1 

’S 

Cl 

a 

O 

1 Discharge. 

.If 

'o 

o 

tSj 

C3 

o 

Discharge. 

Feet. 

Sec.-ft.  ! 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

0.00 

250 

.50 

8090 

7.00 

22900 

.50 

42220 

14.00 

69100 

.10 

370 

.60 

8400 

.10 

23400 

.60 

42840 

.10 

70000 

.20 

495 

.70 

8710 

.20 

23900 

.70 

43480 

.20 

70900 

.30 

630 

.80 

9030 

.30 

^400 

.80 

44120 

.30 

71SOO 

.40 

775 

.90 

9360 

.40 

24900 

.90 

44760 

.40 

72700 

.50 

930 

4.00 

9690 

.50 

25400 

u.oo 

45400 

.50 

73650 

.60 

1090 

.10 

10040 

.60 

25920 

.10 

46050 

.60 

74600 

.70 

1260 

.20 

10400 

.70 

26440 

.20 

46700 

.70 

75550 

.80 

1440 

.30 

10770 

.80 

26960 

.30 

47350 

.80 

765C0 

.90 

1630 

.40 

lUoO 

.90 

27480 

.40 

48050 

.90 

77450 

1.00 

1820 

.50 

11540 

8.00 

28000 

.50 

4S750 

15.00 

7S400 

.10 

2010 

.60 

11940 

.10 

28540 

.60 

49450 

.10 

79400 

.20 

2210 

.70 

12340 

.20 

29080 

.70 

50150 

.20 

80400 

.30 

2410 

.80 

12750 

.30 

29620 

.80 

50900 

.30 

81400 

.40 

2620 

.90 

13170 

.40 

30160 

.90 

51650 

.40 

S2400 

.60 

2830 

5.00 

13600 

.50 

30700 

12.00 

52400 

83400 

.60 

zm 

.10 

14030 

.60 

31240 

.10 

t)31o0 

.60 

84400 

.70 

3270 

.20 

14470 

.70 

31780 

.20 

53900 

.70 

‘ 85400 

.80 

3500 

.30 

14910 

.80 

32340 

.30 

54650 

.80 

S6400 

.90 

3740 

.40 

15350 

.90 

32900 

.40 

55450 

.90 

S740O 

2.00 

39S0 

.50 

15800 

9.00 

33460 

.50 

56250 

16.00 

S8400 

.10 

4220 

.60 

16250 

.10 

34020 

.60 

57050 

.50 

.20 

4470 

.70 

16700 

.20 

34580 

.70 

57850 

17.00 

9S600 

.30 

4720 

.80 

17150 

.30 

35140 

.80 

58650 

.50 

103S0O 

.40 

4970 

.90 

17600 

.40 

35700 

.90 

59450 

18.00 

109000 

.50 

5230 

6.00 

18060 

.50 

36260 

13.00 

60300 

.50 

114300 

.60 

5490 

.10 

18520 

.60 

36840 

.10 

61150 

19.00 

119600 

.70 

5750 

.20 

1S9S0 

.70 

37420 

.20 

62000 

.50 

124900 

.80 

6020 

.30 

19460 

.80 

3S000 

.30 

62830 

20.00 

130200 

.90 

6300 

.40 

19940 

.90 

38580 

.40 

C37CO 

.50 

135600 

3.00 

6580 

.50 

20420 

10.00 

39180 

.50 

64600 

21.00 

141000 

.10 

6870 

.60 

20900 

.10 

39780 

.60 

OooOO 

.20 

7170 

.70 

21400 

.20 

403.S0 

.70 

66400 

.30 

7470 

.80 

21900 

.30 

40980 

.80 

67300 

.40 

7780 

.90 

22400 

.40 

41600 

.90 

6S200 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  WEST  BR.  SUSQUEHANNA  RIVER  AT  WILLIAMSPORT,  LYCOM- 
ING COUNTY,  PA. 
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Maximum  18.40  at  4:30  p.  m.  ; 113000  sec.  ft.  Jan.  5 to  Feb.  26,  inc.,  disebarge  estimated  for  climatological  records. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  WEST  BRANCH  SUSQUE- 
HANNA RIVER,  AT  WILLIAMSPORT,  LYCOMING  COUNTY. 

{Druinage  area  5,680  square  miles.) 


MONTH. 


1912. 

January 

February 

March,  

April,  

May 

June,  

July,  

August 

September 

October 

November,  

December,  

The  year 


Note. — Jan.  5th  to  Feb.  26tli, 


Discharge  in  Second-feet. 

Kun-off. 

Second-feet 

MaNimum. 

Minimi!  m. 

Mean. 

per  square 

Depth  in 

mile. 

inches. 

6160 

1 085 

1 251 

5240- 

.923 

.995 

113C00 

8710 

27400 

4.824 

5.561 

103000 

8710 

25000 

4.401 

4.910 

45100 

6870 

17300 

3.046 

3.512 

6870 

250 

2460 

.433 

.483 

3270 

250 

1060 

.187 

.216 

5230 

495 

1790 

.315 

.363 

22900 

1S20 

9080 

1.599 

1.784 

19000 

2830 

6760 

1.190 

1.372 

15100 

3C20 

7530 

1.326 

1.4S0 

11200 

3860 

5910 

1.040 

1.199 

9640 

1.697 

23.126 

incL,  discharge  estimate*!  from  climatological  records. 


LOYALSOCK  CREEK. 


DESCRIPTION  OP  BASIN. 

Loyalsock  creek,  a tributary  of  the  West  Branch  of  the  Sus(iue- 
hauua  river,  drains  an  area  of  approximately  iho  square  miles  in 
Bradford,  Wyoming,  Sullivan  and  Lycoming  counties.  Rising  in 
many  swamps  in  the  western  part  of  Wyoming  county,  this  stream 
flows  southwesterly  through  a wild,  rugged  and  sparsely  inhabited 
country,  except  on  the  plateaus,  where  some  farming  is  carried  on, 
through  Sullivan  county  into  Lycoming  county,  to  its  month  at  Mon- 
toursville,  a total  distance  of  about  GO  miles.  This  entire  stream,  ex- 
cept for  a short  distance  above  its  month,  is  steep  and  rapid,  flowing- 
through  narrow'  vallej^s  with  steep,  precipitous  sides,  with  i'.eqne, 
low^  falls  along  its  course.  All  l)nt  a small  section  of  this  l)asin 
near  the  month  lies  w'ithin  the  glacial  area,  and  many  <»f  the  nu- 
merous tributaries  rise  in  lakes  or  swamps,  the  most  important  tri- 
butary being  Little  Loyalsock  creek.  There  are  a few'  small  boronglis 
and  farming  villages  on  the  w'ater.shed,  but  the  stream  is  not  used 
for  water  supply  and  but  little  for  w'ater  power. 

The  mean  annual  precipitation  over  tliis  watershed  is  from  40  to 
45  inches. 

The  discharge  of  this  stream  has  been  measured  since  July  17, 
1908,  at  Forksville,  Sullivan  county. 
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SUSQUEHANNA  BASIN— STATION  NO.  15 


LOYALSOCK  CREEK  AT  FORKSVILLE. 


DESCRIPTION  OP  STATION. 

This  station  was  estahlishe(i  hy  the  'Water  Supjhy  Commission  of 
I’ennsyhania  on  -luly  17,  11)08,  at  a single  span,  wooden  covered, 
highway  hiidge,  Foiksville,  Sullivan  county^ 

The  channel  above  the  station  is  straight  for  300  feet,  while  below 
it  is  straight  for  200  feet.  The  right  baidv  is  high  and  does  not  over- 
tiow  and  the  left  bank  overflows  only  during  extreme  high  stages. 
The  bed  is  of  rocks  and  gravel. 

Discharge  measnrements  are  made  by  wading  either  above  or  be- 
low the  bridge. 

A standaid  chain  gage  is  attached  to  the  bridge.  The  length  of 
chain  from  bottcnn  of  weight  to  niaiker  is  21.88  feet.  The  elevation 
of  zero  is  arltitiai  v datum.  Bench  Mark  No.  1 is  corner  stone  on 
left  abutment,  downstream  cornier,  tenth  course  dowm  under  seat  of 
arch  haundi,  second  course  up  from  ground;  elevation,  4.13  feet 
above  zero  of  gage.  Bench  Mark  No.  2 is  corner  of  stone  on  left 
abutment,  iqi  stream  coiner  seventh  course  down  from  seat  of 
arch  haunch,  seventh  course  iqi  from  bottom,  close  to  iron  hitching 
ring  for  boats  on  end  of  old  retaining  wall  log;  elevation  6.387  feet 
above  zero  of  gage.  The  gage  is  read  twice  daily  by  B.  W.  Faw- 
cett. 

A dam  crosses  tbe  creek  aliout  lOt)  feet  below  the  bridge,  but  does 
not  inlluence  tlie  gage  readings.  Little  Loyalsock  creek  enters  about 
800  feet  downstream. 

Since  the  establishment  of  this  station  three  discharge  measure- 
ments have  been  made.  No  discharge  measurements  have  been  made 
during  1912.  Owing  to  the  insnflicient  number  of  discharge  measure- 
ments, no  rating  curve  has  been  computed,  and  only  the  daily  gage 
heights  have  been  published.  The  data  prior  to  1912  will  be  found  in 
the  1910-11  Report  of  the  'Water  Sujiply  Commission. 


DAILY  MEAN  GAGE  HEIGHTS  OF  BIG  LOYALSOCK  CREEK,  AT  FORKSVILLE,  SULLIVAN  COUNTY,  PA. 
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Note.— No  lee  conflitions  reported. 
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RAYSTOWN  BRANCH  JUNIATA  RIVER. 


DESCRIPTION  OF  BASIN. 

With  tlie  Fraiikstowii  Rraiieh,  wliicli  it  joins  six  miles  IteloAv  Hunt- 
ingdon, tlie  EaystoAvn  Branch  t'oinis  th.e  dnniata  river.  Tliis  branch 
rises  on  the  eastern  slope  of  the  Allegheny  nionntains  in  the  eastern 
part  of  t^omerset  connW,  and  passing  into  Bedford  county,  flows 
easterly  to  near  its  eastern  l)order,  where  it  turns  northward  folloAv- 
ing  a most  tortuous  course  into  Huntingdon  county  at  Saxton. 
Through  Huntingdon  county  it  folloAvs  a Avinding,  serpentine  course, 
in  a general  nortliAvest  direction,  to  its  month.  The  total  length  of 
tlie  stream  is  apjnoximately  110  miles,  and  its  drainage  basin  com- 
prises 1,012  square  miles.  The  largest  tributaries  are  Trough,  Yel- 
loAv,  Shavers,  Cove  and  Dunning  creeks.  In  the  Avestern  part  of  Bed- 
ford connW  the  stream  ilrains  a limestone  region,  AvEile  its  larger 
trilmtaries  drain  Avell  timbered,  sparsely  developed  areas.  The  tribu- 
taries coming  in  from  the  east  betAveen  Hopewell  and  Saxton  drain 
the  Broad-toii  mountain  soft  coal  district,  while  Great  Trough  creek 
drains  the  coal  district  at  Robertsdale'  and  Woodvale. 

In  Bedford  county  the  stream  and  its  tributaries  are  consider- 
ably used  for  domestic  and  industrial  Avater  supply.  At  Hawn’s 
Bridge,  Huntingdon  countAy  some  10  oi'  12  miles  above  the  mouth,  a 
28-ff)ot  dam  has  been  built,  and  a 3,000  h.  p.  Avater  poAver  plant 
elected.  For  ovei'  40  miles  aliove  its  mouth  there  is  no  railroad  in 
the  valley,  Avhich  is  quite  an  exceittion  for  so  large  a stream. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
4.5  inches. 

The  discharge  has  been  measured  since  August  31st,  1911,  at  Sax- 
ton, Bedford  county. 


SUSQUEHANNA  BASIN-STATION  NO.  16. 


RAYSTOWN  BRANCH  JUNIATA  RIVER  AT  SAXTON. 


DESCRIPTION  OF  STATION. 

This  station  Avas  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  August  31st,  1911,  on  a two  span,  steel,  through 
truss,  higliAvay  bridge,  ItetAveen  StonestoAvn  and  Saxton  Furnace,  to 
replace  the  station  at  HaAvn’s  Bridge,  Avhich  Avas  discontinued  OAving 
to  the  construction  of  a dam  immediately  above  the  gage. 


(Jaeing  Staticii]  on  Uaystowii  lii'aiich  .Imiiat  i Kiv.'v,  at  Saxtiai. 
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The  channel  is  approximately  straight  for  300  feet  above  the  sta- 
tion, and  is  stiaight  for  300  feet  l)elow.  The  right  and  left  banks 
are  high  and  overliow  only  dniing  extreme  high  stages.  The  bed 
is  of  sand,  giavel  and  stones,  and  is  fairly  permanent. 

Discharge  measni  ements  are  taken  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  the  bridge  pin,  right 
downstream  side. 

A chain  gage,  with  removable  weight  and  chain,  is  attached  to 
the  floor  on  the  downstieam  side  of  the  bridge.  The  length  of  chain 
from  bottom  of  weight  to  marker  is  23.00  feet.  The  elevation  of 
zero  is  aibitiaiy  datnm.  Bench  Mark  No.  1 is  a chiselled  mark  on 
stone  on  right  downstieam  wingwall,  on  top  of  stone  twelfth  course 
down  from  top,  and  fifth  couise  from  bottom;  elevation,  9.65  feet 
above  zero  of  gage.  The  gage  is  read  twice  daily  by  W.  C.  Jenkins. 

The  flow  under  the  bridge  at  low  water  is  very  sluggish,  with  no 
flow  or  water  in  the  left  channel. 

Since  the  establishment  of  this  station  seven  discharge  measure- 
ments have  been  made,  but  owing  to  the  insufficient  number  of  meas- 
urements, no  rating  table  has  been  computed  for  this  station,  and 
only  the  discharge  measuremets  and  gage  heights  have  been  pub- 
lished. The  data  prior  to  1912  will  be  fouud  in  the  1910-11  Eeport 
of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  RAYSTOWN  BRANCH,  JUNIATA 
RIVER,  AT  SAXTON,  BEDFORD  COUNTY,  PA. 

(Drainage  area  790  square  miles.) 


No. 

Date. 

Hydrograpber. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

1912. 

Feet. 

Sq.  ft. 

Ft. 

per 

sec. 

Feet. 

Sec.  ft. 

7 

Dec.  17, 

Boehringer  & Reck- 
ord. 

139 

2G7 

1.22 

1.42 

325 

0.6  measurement. 

DAILY  MEAN  GAGE  HEIGHTS  OF  RAYSTOWN  BR.  OP  JUNIATA  RIVER  AT  SAXTON,  BEDFORD  COUNTY 
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FRANKSTOWN  BRANCH  JUNIATA  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Fiankstowu  Braucli  of  the  Juniata  river  drains  approximately 
995  sqnaie  miles  in  Bedford,  Blair  and  Huntingdon  counties.  Ris- 
ing in  the  northern  part  of  Bedford  county,  this  stream  flows  first 
in  a general  northerly  direction  to  Hollidaysbnrg;  thence  nortlieast- 
erly  through  Blair  county  to  Petersburg,  Huntingdon  county,  where  it 
flows  southeasterly  to  its  junction  with  the  Raj'stown  Branch,  a total 
distance  of  appioximately  5S  miles,  the  general  outline  of  the  basin 
being  fan  shaped.  Ti  e headwaters  lie  high  up  on  the  Allegheny  Moun- 
tains, but  as  the  stiCam  descends  it  enteis  a feitile,  well  settled,  agri- 
culiuial  valley,  thiough  which  it  flows  to  Pelersbuig  and  thence 
through  a deep  gorge,  cutting  thiough  a succession  of  ridges  to  its  con- 
fluence, six  miles  below  Huntingdon,  with  the  Raystown  Biaiich.  The 
mountains  in  this  basin  aie  well  covered  with  second  growth  timber, 
but  the  valleys  are  almost  deforested.  The  upper  section  of  the  basin 
contains  limestone  formation,  from  wliich  issues  numerous  large 
springs,  which  mateiially  assists  the  flow  in  dry  weather.  As 
a whole  the  watershed  is  thickly  settled,  especially  along  the  banks  of 
the  river,  and  its  principal  tributaries,  of  which  Little  Juniata  is  the 
most  important,  there  being  one  city,  Altoona,  and  many  large  in- 
dustrial boroughs  and  villages  scattered  over  the  area.  The  river 
and  its  tributaries  are  extensively  used  for  water  supply,  both  domes- 
tic and  industrial. 

The  sou  ce  of  the  Fiaidrstown  Branch  lies  at  an  elevation  of  ap- 
]);oxiniately  1,3C0  feet,  and  iir  a distance  of  26  nriles,  to  Hollidays- 
burg,  televafiou  930)  the  flow  is  at  the  rate  of  20  feet  per  nrile; 
f;om  this  i»oint  to  Hurrtingdon  (elevation  610)  28  nriles  further 
downstream,  the  rate  of  fall  is  12  feet  per  nrile.  The  bed  is  rocky 
thrnushoiit  most  of  its  corrrse,  with  gravel  and  sand  deposits  at 
intervals  in  the  less  rapid  portions. 

A concrete  dam  28  feet  in  height,  erected  and  used  for  the  genera- 
tiorr  of  water  ])ower,  crosses  the  river  at  Warrior  Ridge,  five  miles 
above  Huntingdon,  creating  slack  water  for  nt)out  three  nriles. 

The  mean  annrral  precijritation  over  practically  the  entire  water- 
shed is  from  -10  to  45  inches. 

Discharge  has  beerr  measrrred  since  May  1,  1895,  at  Huirtiirgdon, 
six  miles  above  the  confluence  with  the  Raystown  Branch. 
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SUSQUEHANNA  BASIN— STATION  NO.  17. 


FRANKSTOWN  BRANCH  JUNIATA  RIVER  AT  HUNTINGDON. 


DESCRIPTION  OP  STATION. 

This  station  was  estalili.slipd  i)y  tlie  United  States  Weather  Bu- 
reau on  May  1,  1S!)5,  on  the  county  liighway  bridge  at  the  foot  of 
Fouidli  stieet,  ITuntingdon.  On  November  1st,  ISitO,  the  Weatlier 
Bureau  l)egan  leadings  on  a gage  ])ainted  on  tlie  Fourth  Street 
Bridge  piei',  giaduated  to  feet  and  lialf-feet.  On  August  31st,  1833, 
readings  on  this  gage  were  diseontinued,  and  were  commenced  on 
May  1st,  1835,  supposedly  on  the  same  gage,  hut  the  zero  of  this 
latter  gage  seems  to  he  about  tlnee  feet  lower  tlian  the  former. 
Tins  gage  was  used  until  18!I3  or  1303,  -when  the  present  staff  gage 
was  installed  at  the  same  datum.-  On  duh"  24th,  1307,  the  Water 
Su])]dy  ('ommission  of  Pennsylvania  liegau  making  discharge  meas- 
urements, in  order  to  rate  this  station. 

Tlie  channel  is  stiaight  for  500  feet  above  and  below  the  station. 
Tlie  right  bank  is  low  and  overflows  during  high  stages,  rvhile  the 
left  bank  is  high  and  does  not  overflow. 

In  order  that  the  discharge  of  the  entire  stream  may  be  obtained, 
during  freshets,  when  the  water  jiasses  around  the  Fourth  Street 
Bridge,  ilischaige  measuiements  aie  taken  from  a steel,  highway 
bridge,  about  one-fourih  mile  above  the  gage.  Low  water  measure- 
menfs  are  taken  at  the  Fourth  Street  Bridge  l»y  wading.  The  initial 
])oint  for  soundings  is  left  end  of  top  angle  of  hand-rail,  downstream 
side  of  highway  bridge. 

A two  inch  by  ten-inch  oak  staff  gage,  ])ainted  white,  with  black 
giaduations  to  feet  and  tenths,  is  fastened  to  the  fir.st  pier  from  the 
north  end  of  the  Fourth  Street  Bridge.  The  elevation  of  zero  is 
537.4  feet  aimve  mean  sea  level.  Bench  Mark  No.  1,  which  was  lo- 
cated on  an  arch  over  a head  race  near  the  Fourth  Street  Bridge,  has 
been  obliterated.  Bench  Mark  No.  2 is  to]>  edge  of  outer  corner  of 
left  abutment,  downstream  side  of  Fourth  Street  Bridge;  elevation 
22.50  feet  above  gage  datum.  The  gage  is  read  thrice  daily  by  Law- 
rence White. 

Since  the  Juniata  lUnlro-Electric  Companj^,  five  miles  above,  at 
Warrior  Ridge,  began  operating  its  plant  in  the  spring  of  1308,  low 
water  readings  are  affected  by  storage  at  this  plant,  due  to  the 
]»lacing  of  flasli  boards  on  the  dam.  As  a result  of  these  conditions, 
the  minimum  discharge  for  the  mouth  of  February,  1312,  is  exceed- 
ingly low. 
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Since  the  establislinieiit  of  this  station  25  discharge  measurements 
liave  been  made. 

The  daily  gage  heights  for  the  first  part  of  1912  were  furnished 
by  the  U.  S.  Weather  Bureau.  The  data  prior  to  1912  will  be  found 
in  the  1910-11  Keport  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  FRANKSTOWN  BRANCH  JUNIATA 
RIVER,  AT  HUNTINGDON,  HUNTINGDON  COUNTY,  PA. 

(Drainage  area  S^5  square  miles.) 


No. 

Date. 

Hjdrographer. 

' Width. 

1 . 1 

1 

1 

Area  of  section. 

1 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

1912. 

Feet. 

Sq.  ft. 

Ft. 

per 

sec. 

Feet. 

Sec.  ft. 

25 

Dec.  17, 

Boehringer  & Reck* 
ord. 

261 

776 

0.91 

3.80 

704 

0.6  measurement. 

DISCHARGE  TABLE  FOR  FRANKSTOWN  BRANCH  JUNIATA  RIVER,  AT 
HUNTINGDON,  HUNTINGDON  COUNTY,  FROM  JAN.  1,  1912. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

'S 

O' 

1 bi 

o 

Discharge. 

1 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

2.40 

70 

.80 

1950 

.20 

6810 

.60 

13420 

12.00 

23530 

.50 

85 

.90 

2100 

.30 

7050 

.70 

13740 

.10 

24100 

.60 

100 

5.00 

2260 

.40 

7290 

.80 

14070 

.20 

24690 

.70 

125 

.10 

2430 

.50 

7540 

.90 

14U0 

.30 

25300 

.80 

150 

.20 

2600 

.60 

7790 

10.00 

14750 

.40 

25930 

.90 

175 

.30 

2770 

.70 

8040 

.10 

15100 

.50 

26590 

3. 00 

200 

.40 

29.50 

.80 

8300 

.20 

15450 

.60 

27250 

.10 

250 

.50 

3140 

.90 

8560 

.30 

15810 

.70 

27920 

.20 

300 

.60 

3330 

8.00 

8820 

.40 

16180 

.80 

28600 

.30 

350 

.70 

3520 

.10 

9090 

.50 

16560 

.90 

29290 

.40 

400 

.80 

3710 

.20 

93CO 

.60 

16950 

13.00 

30000 

.50 

460 

.90 

3900 

.30 

9640 

.70 

17350 

.10 

30720 

.60 

520 

6.00 

4100 

.40 

9920 

.80 

17760 

.20 

31460 

.70 

600 

.10 

4310 

.50 

10200 

.90 

18180 

.30 

32220 

.80 

700 

.20 

4520 

.60 

10180 

11.00 

18620 

,40 

33000 

.90 

800 

.30 

4730 

.70 

10760 

.10 

19070 

.50 

33800 

4.00 

900 

.40 

4950 

.80 

11040 

.20 

19530 

.60 

34600 

.10 

1010 

.50 

5170 

.90 

11320 

.30 

20000 

.70 

35400 

.20 

1120 

.60 

5400 

9.00 

11600 

.40 

20480 

.80 

36200 

.30 

1250 

.70 

5630 

.10 

11890 

.50 

20070 

.90 

37000 

.40 

1380 

.80 

5860 

.20 

12180 

.60 

21460 

14.00 

37800 

.50 

1510 

.90 

6090 

.30 

12480 

.70 

21960 

.60 

1650 

7.00 

6330 

.40 

12790 

.80 

22470 

.70 

1800 

.10 

6570 

.50 

13100 

.90 

22990 

Note. — This  table  is  only  applicable  subsequent  to  .Tan.  1.  1912,  and  is  based  on  five  discharge 
measurements  made  during  1919-11-12,  together  with  former  curve. 


136 


6 

►-H 

H 

P 

m 

O 

Q 

O 

:2; 

M 

H 

IZ 

P 

K 


> 

I— I 

« 

H 

<1 

hH 

P 


P 

P 


• 

|2 

gl-' 


Og 


P 

o 

p 

ffi 


o 


«2 


Q 

Q 

P 


M 

H 

K 

O 

)-H 

a 

w 


o 

<! 

O 

P 

-5l 

H 

l-H 

H 

1-^ 

HH 

Q 


1 

i 

! d 

Dis. 

mi  0 10  0 0 

r-t  0 CO  'J3  CO 
CO  CO  CO  ';d 

1610 

1800 

933 

1010 

977 

0 0 ^ ^ 0 

Cl  0 01  0 CO 

OOTpCDt— 

VD  CD  P P -P 

10  10  04  CM 
to  CO  CO  p p 

P CO  04  Ti«  p 

118 

478 

200 

125 

630- 

1840 

Q 

G.  II 

CO  0 <S>  CO 

C-l  C5  CO  0 1-- 

CO  CO  CO  CO  CO 

c-ocoOt- 
ID  t-  CD  1— 1 0 

■'P  tP  •p  »p  Tp 

0 CO  C-  0 0 
tH  OJ  C-  c—  ID 

Tp  -p  (p4  CO  CO 

C-  0 t-  0 CO 
VD  t—  Tp  LD  ID 

CO  CO  CO  CO  CO 

tot—cOC-t- 

P Ol  p p t-- 

eo  CO  CO  CO  04 

t—  CO  to  to  CO  CO 

CD  ID  to  C-  t-  1— 

CM  CO  CO  04  CO  P 

t> 

s 

0 0 lO  iSi  0 

t-  CO  1-H  CO  0 
C-  t'*  CO  CD  t'* 

00  0 00  0 

C-  Tp  ID  0 Tp 

Tp  W ^ ^ 0 

00000 

Tp  CD  ID  <75  0 
CO  iH  01  0 00 

CD  00  0 0 0 
C-r-iOOC— 

ID  p 00  C-  CD 

gg?2SS 

ID  ID  p CO  to 

ID  00  LD  ID  ID  • 

00  P P CO  CO  • 

CO  P CM  CO  CO  • 

O 

ti 

d 

C-  CO  CO  CO  0 

00  CO  oj  r~  00 

CO  CO  CO  CO  CO 

CO  t-  CO  CO  CO 
ID  CO  OJ  CD  I-H 

CO  TP  ID  ■'9'  ■'*' 

C-  CO  0 1-  0 
CO  04  CO  iH  05 

tP  Tp  Tp  Tp  CO 

t-cooot— 
CD  p C5  00  C- 

CO  CO  CO  CO  CO 

C-  t-  CO  CO  0 
ID  ID  LD  CO  P 

eo  CO  eo  CO  p 

t—  CO  CO  t—  c-  • 

CO  P to  CM  04  • 

CO  CO  CO  CO  CO  • 

1 

Dis. 

0 © 0 04 

0 CD  i-(  J>  TP 

0 >-H  0 t> 

0 00  03  0 00 
CO  t—  Ip  0 1-H 
CD  Tp  •p  -p  rp 

0 ID  <?i  04  ID 
C-  CO  p 0 CO 
C-  CO  OJ  ID  CO 

CD  0 ID  ID  0-4 
C-  0 CD  00  0 
VD  p CO  CM  ID 

400 

315 

770 

1160 

700 

to  to  0 to  to  Tf' 

(75  CO  C-  C-  1-  -P 

0 0&  00  CpO  C-  ID 

o 

o 

pi 

d 

ocooo-i— 
0 04  T-l  00  TP 

TP  Tp  Tp  CO  CO 

CO  cot-  0 M 
t—  ID  •p  •p  *r 

CO  CO  CO  CO  CO 

c-  r-  p t>  ^ 
00  CO  0 ID  OJ 

CO  CO  CO  CO  CO 

t-ocot-t— 

CD  P CO  iH  iD 

CO  CO  CO  CO  CO 

to  CO  t—  CO  0 
P OJ  00  04  00 

CO  CO  COP  CO 

t-  CO  t-  t-  C-  CO 

P <75  (75  <75  (70  CD 

P CO  CO  CO  CO  CO 

e 

7: 

s 

0I  0 0 0 0 

0 0 10  CD  CO 
LO  CD  ID  1-1  CD 

tH  f-^ 

0 0 0 ID 

t-  CD  CD  ID  00 
CD  •'P  •'P  CO  CO 

CO  0 0 in  ID 

thOOcOI— 
TP  p Tp  CO  iH 

CD  0 ID  CD 

C—<DOC/^t— 
ID  p P CO  ID 

to  QC  00  to  0 
ID  to  t—  VD  CM 
CM  p p VD  ID 
OJ  P 

2310 

3140 

1950 

1090 

1510 

04 

02 

PP 

d 

0 CO  CO  CO 
ID  1—  UO  04  I-- 

CO  CO  Tp  Tp  CO 

C-OOOU- 
t—  ID  ID  CO  CO 

CO  CO  CO  CO  CO 

CO  0 0 1-  0 
Tp  Tp  -P  C3  05 

CO  CO  CO  CO  Ol 

p-e>Ot-r- 

CD  p P CO  CD 

CO  CO  CO  CO  CO 

0 CO  eo  c-  to 
p to  lD  p Ol 

CO  04  CO  VD  to 

CO  0 to  t-  <D  • 
to  ID  00  p VD  • 

VD  ID  p P p • 

AUG. 

Dis  1 

ssssg 

•O'  Tp  CO  10  TP 

00  ID  ID  00  VO 
t-H  1-H  CD  1-H  CO 
■P  CO  04  Tp  CO 

CD  0 1 “ ID  lO 
C-  CD  CD  IH  CO 
ID  -P  CO  CO  CO 

ID  P iH  P P 

CD  CD  <S  Ol 

t-  t-  ID  to  CO 
VD  ID  CO  P P 

ID  lO  10  LD  C ID 

CD  CO  CD  5D  ID  P 

CO  CO  CO  CO  CO  CO 

G.  II. 

CO  0 P-  CO  0 
•O'  CO  CD  -P 

CO  CO  CO  CO  CO 

eocococot- 
-P  O!  1-H  Tp  CO 

CO  CO  CO  CO  CO 

r-  0 CO  CO  c- 

CD  ID  CO  04  01 

CO  CO  CO  CO  CO 

t-  0 r—  CO  0 

CO  P CO  P P 

CO  CO  CM  CO  CO 

t-  r—  to  to  CO 
to  CD  CO  ID 

CO  CO  CO  CO  OJ 

CO  r-  CO  CO  to  CO 

CO  O'"!  eo  CO  CO  CM 

CO  eo  CO  CO  CO  eo 

1 

Dis. 

CO  0 10  irj  ID 

00  1.0  00  1-1  CO 

1-i  Cl  OJ  01  01 

0 ID  ID  0 0 

ID  CO  00  0 0 
04  CO  OJ  CO  CO 

0 0 ID  ID  ID 
0 1 D iH  00  CO 
CO  D1  CO  C4  CO 

0 Cs  0 0 Ol 
ID  CO  CD  CO  0 
04  CD  0 CO  ID 
04 

to  0 0 to  to 
to  r-  p 05  CO 
to  CO  iD  to  P 
p rH  04 

to  CD  CD  CD  to  0 
c 1 1-  1-  t-  to  to 

P VD  VD  VD  CD  P 

G.H. 

i 

icSic-coc- 
05  1-t  1-1  0 1-1 

04  CO  CO  CO  CO 

c2>  c- 1-  <;o  0 

T-l  04  iH  OJ  01 

CO  CO  CO  CO  CO 

<s>ocot-r— 

01  iH  0 1 t-l  CO 

CO  CO  CO  CO  CO 

CO  t-  CO  C- 
iH  1-  00  C5  ID 

CO  CO  P CO  CO 

4.00 

6.13 

4.50 

4.17 

5.10 

0 r—  r-  r-  to  to 

CM  CD  CD  CD  l—  p 

p CO  CO  CO  CO  CO 

H 

Dis. 

© 0 e>  0 ID 

CO  CD  CO  ^ 04 
CD  Tp  CD  t-  »H 

esoooo 

0 04  01  0 ID 
CD  ID  ID  04  I-H 

ID  p 0 'S><^ 
CM  0 0 0 0 

iH  I-H  iH  iH  tH 

0 0 <S>  0 <£> 

ID  0 ID  OJ  01 
P ^ ^ VD  VD 

© © to  0 VD 
iDoooir- 
CO  CO  to  LD  P 

ID  to  ID  VD  to  • 
t-  ID  CM  CM  Cl  • 
p p p p ID  • 

1 

G.  II. 

0 0 0 0 

C-  ID  C-  CO  1' 

CO  CO  CO  CO  OJ 

0 0 0 0 0 

1-  CO  CD  0 CO 

CO  CO  CO  CO  04 

0 C)  '=5  0 0 

t—  CD  CD  CD  CD 

(N  04  04  C3  CM 

e>  0 0 to  0 

DO  0 CO  CD  CO 

04  CD  P CO  CO 

to  to  to  to  to 
CO  c^i  i—  CO  <75 

eo  eo  CO  CO  04 

to  0 to  to  © • 

05  00  t—  t—  CO  • 

CM  CM  C4  CM  CO  • 

, 

.• 

Dis. 

00000 

CO  t-  CD  1 D 1-H 
CO  r—  OJ  05  ID 
CO  01  04  I-H  I-H 

0 <2>  0 0 

1-H  CO  CO  CD  10 
ID  CO  CO  CCJ  05 

1-H  t-4  CO  04  1-H 

1650 

1380 

2260 

1800 

1250 

to  to  to  to  0 

P 04  CO  P to 
t>  CO  t—  p CO 
ID  CO  P CO  OJ 

to  to  to  © to 
0 to  CO  CM  04 
jH  00  CO  p P 

700 

1120 

800 

800 

900 

600 

s 

1 

G.  H. 

0 0 0 <s>  'p’ 

CD  CO  0 00  ID 

ID  ID  ID  TP  -^P 

00000 

ID  TP  CD  0 CO 

Tp  iD  ID  Tp 

00000 

CD  Tp  0 l-  CO 

TP  tP  ID  tP  -p 

ID  to  0 0 0 
C-  0 CO  vD  OJ 

CO  00  CD  ID  VD 
c3 

0 to  to  0 0 

C5  C-  P 01  04 

P P P p P 

to  to  to  to  (to  to 

00  CM  05  05  0 t- 

CO  P CO  CO  p CO 

! 

i-i 

Dis 

4730 

4520 

6090 

3900 

3140 

00000 

t—  CO  0 LD  ID 
t—  OJ  CD  05  CD 
S']  OJ  04  r-4  tH 

00000 
CO  10  VD  0 tH 
CO  04  01  CD  VD 
tH  tH  ^ ^H 

to  0 0 0 0 
P P 01  CO  CO 
LD  ID  ID  CO  P 
p p CO  CO  CM 

to  to  cp  to  to 
ID  ID  0 0 to 
05  05  CD  00  00 
rH  p 04  P p 

to  to  to  to  0 • 
p CO  LD  ID  P • 

LD  CO  CD  CO  CO  • 

P P p P P • 

S 

G.  il 

00000 

CO  0105  05  ID 

CD  CD  CD  ID  U5 

5.30 

1 5.00 

6.20 
4.80 
4.60 

00000 

P CO  CO  c—  ID 

Tp  p Tp  CO  Tp 

0 to  0 to  to 

ID  LD  t—  CD  P 

P P LD  ID  LD 

0 0 to  0 0 

&0  00  04  t-  C- 

P P ID  P P 

to  0 to  to  to  • 

LD  P CD  CD  p • 

P P p P CD  • 

Dis. 

0 0 0 0 0 

0 0 CO  1—1  0 
00  CO  CO  ID  05 

0 0 0 0 0 

0 0 ID  CD  CO 

CD  CD  CD  04  CO 
rH  04  rH 

1010 

1650 

800 

2100 

lOSOO 

to  to  to  to  to 

OJ  Ol  ID  ID  CO 
CO  ID  <75  05  CO 
CO  P P Tj'  ID 

to  to  0 to  to 
CO  eo  to  0 i.o 

CD  CO  05  P 05 
ID  ID  eo  P p 

0 to  to  to  to  to 
to  t—  p CI  P05 

P P <to  05  CD  to 
p ID  (X  (75  C5  CO 

no 

0 0 0 0 0 
t-  r—  Tp  ID  0 

Ip  '-P  Tp  -fp  -rP 

00000 

r—  t—  CD  0 Tp 

CO  CO  tP  ID  Tp 

00000 

iH  CD  C5  05  r— 

*P  Tp  CO  Tp  00 

to  to  to  to  0 

<=iOi  P p 1- 

00  to  CO  CD  CD 

to  to  to  to  to 
t-  t-  05  to  P 

CD  CD  ID  CD  CO 

to  0 (to  to  to  to 
to  ID  t-  p CO  <75 

CD  CD  t—  CO  X CD 

FEB. 

Dis. 

tototo*^*^  toOtotoiD  toiDtooO  iDtoiDtoto  totototoo  toto©®  • • 

©to  ID  too  toOtoPC—  Ol-Ototo  DICDXto'D  PCMIOOto  LOCDtjiCD  • • 

XXiMCDC—  CJCOXtoP  C—  PXCOC'J  PP  COP  LDP05XX  OSCOpCJ  • • 

PP  p PPP  DJ<75COCM.. 

G.H. 

O-totototo  tototototo  totototo©  totototoo  totototoO  totototo  • • 

r—  OSCOt—X  toC‘J05i-'<75  X0505  C4to  C—  IDlDt—  X IDCMX05  05  PDlLDto  • • 

PCOPXX  iOCOXTC-CM  XCMXXX  CMXCmX(M  PPPCOC?  LDXlDVD  • • 

: : 

5 

V) 

5 

oototoO  totototoo  totototoo  <©00©©  to©©©©  tototo©©© 

COlDlDPto  IDDlOtoX  topLDCMto  tolDIDOX  OXtoxC'l  XXpCMOCO 

P05CDIDX  C-4PXXX  Xin<74PP  pCD(74XX  <75COCDCOP  COCOOlDpp 

(TIPPPP  PP  P P i-iCM  P1-1  p P t->P  1-ipp 

G.ll.  1 

©totototo  totototoo  totototoo  totototo©  tototototo  to  to  to  (to  to  o 

P X CD  vD  r—  p Cl  t—  C-J  p C5  ID  P C)  05  p 'D  CO  05  P © P C—  P C*!  P p P CD  P ID 

IDPPP'9'  XPPMP  XPCOPP  COPPXP  PPXPP  PPPXCOCO 

<< 


Q 


;£>  r-  oc  a:  O 


cr>  t—  00  Ci  O 


12200  sec.  ft. 


137 


ESTIMATED  MONTHIA’  DISCHARGE  OF  FRANKSTOWN  BRANCH, 
JUNIATA  RIVER,  AT  HFNTINGDON,  HUNTINGDON  COUNTY,  PA. 


{Drainage  area  S./J  square  miles.) 


Discharge  in  Secoud-feet. 

iiuii-oir. 

MONTH. 

Maximum. 

Minimum , 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912, 

January,  

2430 

250 

IICO 

1.373 

1.583 

February 

9360 

85 

1210 

1.432 

1.544 

March,  

lObOO 

600 

4070 

4.817 

5.553 

April,  

6090 

600 

2420 

2.864 

3.195 

May 

12200 

600 

2200 

2.604 

3.002 

June,  

4100 

lOO 

499 

0.591 

0.659 

July 

4370 

1S8 

731 

0.865 

0.997 

August,  

576 

132 

392 

0.464 

0.535 

September 

4520 

108 

958 

1.134 

1.265 

October 

1160 

200 

622 

0.736 

0.849 

November 

2650 

215 

790 

0.935 

1.044 

December,  

1840 

118 

637 

0.754 

0.869 

The  year 

12200 

85 

1307 

1.547 

21.095 

KISHACOQUILLAS  CREEK. 


DESCRIPTION  OF  BASIN. 

Kisliacoquiilas  creek  joins  the  Juniata  river  at  Lewistown,  45 
miles  above  the  liver's  mouth,  from  the  northeast,  draining  195 
sqiiaie  miles,  piactically  ail  of  which  lies  in  Mifflin  county.  It  is 
formed  by  the  East  and  West  Branches,  which  join  at  Reedville, 
both  blanches  and  its  other  tiibutaiies  lisiiig  in  the  sandstone 
ridges,  whi.e  the  main  stieain  valley  and  those  of  the  two  branches 
for  some  mi.es  above  their  junction  lie  in  the  limestone,  resulting 
in  a well  maintained  tlow.  ' Its  course  is  southwesterly  and  its  length 
from  Reedville  is  five  and  one-half  miles,  the  basin  being  fan  shaped. 
The  main  valley  is  densely  populated  and  water  is  used  for  indus- 
tiial,  domestic  and  water  power  purposes.  Its  larger  upper  tribu- 
taries as  they  emerge  from  the  sandstone  area  are  used  for  supply- 
ing Reedville,  Burnham,  Yeagertown  and  Lewistown. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  August  21,  1911,  at  Kulp's, 
two  miles  above  the  mouth. 
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SUSQUEHANNA  BASIN— STATION  NO.  18. 


KISHACOQUILLAS  CREEK  AT  KULP’S. 


DESCRIPTION  OF  STATION. 

Tliits  .station  was  estaltli.slied  by  the  Water  Supply  Coimnissioii  of 
I’enn.sylvania  on  August  21st,  1011,  and  is  located  on  a two  span, 
wooden,  highway  bridge,  at  Ivulit’s. 

The  cliannel  is  straight  aliove  and  below  the  station  for  300  feet, 
with  liflles  about  100  feet  below  the  bridge.  The  right  baidc  is  high 
but  overflows  during  exti-eme  stages,  while  the  left  bank  is  high  and 
does  not  ove;llow.  The  bed  is  of  rocks  and  nurd  and  is  fairly  perma- 
nent. There  is  slight  velocity  under  the  bridge  at  loiv  stages. 

Idscliaige  nieasuieinents  are  taken  fi'oin  the  downstream  side  of 
the  bridge,  and  b\  wading  at  low  stages  150  feet  above  the  bridge. 
The  iidtird  ]>oint  f(jr  soundings  is'  top  edge  of  left  abutment,  down- 
stream side. 

A stall'  gage  is  bolted  to  the  rrjrstr-eam  face  of  the  left  abutnrent. 
Tire  elevation  of  zero  is  arbitrary  datum.  Bertch  Mark  No.  1 is 
mark  chiselled  orr  stone  in  forrrth  row  from  to]»,  upstream  face,  left 
abrrtrrrerrt ; elevatiorr  5.87  feet  above  gage  datum.  The  gage  is  read 
twice  daily  by  Thomas  W.  Hawke. 

Since  tire  establishment  of  this  statiorr  seven  discharge  measure- 
nrents  have  beerr  made.  The  data  prior  to  1012  will  Ire  iourrcl  itr  the 
1010-11  Keior  t of  the  Water  Supply  Cornmissiorr. 
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DISCHARGE  MEASUREMENTS  OP  KISHACOQUILLAS  CREEK,  AT 
KEEPS,  MIFFLIN  COUNTY,  PA. 

(Drainage  area  190  square  miles.) 


No. 

Date. 

Hydrographer. 

Area  of  section. 

Moan  velocity. 

Gage  height. 

1 

Discharge. 

Remarks. 

Ft. 

Feet 

Sq.  tt. 

per 

Feet. 

Sec.  ft. 

1912. 

sec. 

7 

Dec.  9, 

■Reckord,  

60 

191 

1.10 

1.32 

210 

Surface  measurement. 

DISCHARGE  TABLE  I OR  KISHACOQUILLAS  CREEK,  AT  KEEPS 
MIFFLIN  COUNTY,  PROM  AUGUST  21,  1911. 


Gage  height.  j 

' 

1 Discharge. 

Tfl 

o 

.a 

Discharge. 

Gage  height. 

Di.scharge. 

'oi 

a> 

tc 

« 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec. -ft. 

Feet. 

Sec, -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

0.60 

14 

.20 

144 

.SO 

378 

.40 

795 

3.00 

1410 

.70 

29 

.30 

176 

.90 

432 

.50 

886 

.10 

1530 

.80 

47 

.40 

211 

2.00 

493 

.60 

982 

.20 

1660 

.90 

68 

.50 

249 

.10 

562 

.70 

1084 

1.00 

91 

.60 

28S 

.20 

635 

.80 

1189 

.10 

116 

.70 

330 

.30 

712 

.90 

1297 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  KISHACOQUILLAS  CREEK  AT  KULPS,  MIFFLIN  COUNTY,  PA 
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•Gage  carried  out  by  blgb  water.  Replaced  March  20tb.  a=Max.  3.2  at  f:25  p.  m.  ; el7ia  sec.  ft.  b=Max.  2.40  at  6:03  p.  m. ; 795  sec.  ft.  e=Bstimated. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  KISHACOQUILLAS  CREEK,  AT 
KULPS,  MIFFLIN  COUNTY,  PA. 

(Drainage  area  190  square  miles.) 


Discharge  in  Second-feet. 

Uun-off. 

MONTH. 

Maximum. 

Miuinium. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  ill 
inches. 

1912. 

January 

:^40 

91 

1G9 

0.8S9 

1.025 

February 

S31 

28 

r/o 

0.921 

0.993 

March,  

eloOO 

98 

1020 

5.368 

6. 189 

April,  

el860* 

373 

699 

3.679 

4.105 

Mar 

elTlO 

249 

583 

3.068 

3.537 

JunD 

305 

60 

153 

0.805 

0.898 

July,  

795 

31 

105 

0.553 

0.638 

August 

226 

20 

94 

0.495 

0.570 

Senteniber,  

59S 

20 

134 

0.705 

0.786 

October,  

173 

38 

105 

0.553 

0.638 

November,  

877 

40 

205 

1.079 

1.204 

neccmber,  

276 

104 

152 

0.800 

0.922 

The  year 

e450O 

20 

300 

1.576 

21.505 

eK.stimated. 


TUSCARORA  CREEK. 


DESCRIPTION  OP  BASIN. 

Tuscarora  creek,  an  important  tributary  of  tlie  Jnniata  river,  join 
ing  that  stream  at  Port  Royal,  from  the  south,  rises  in  the  sonth- 
eastern  part  of  Huntingdon  connty  and  flows  northeastei-ly  through 
that  county  into  Juniata  county,  and  thence  in  the  same  direction 
to  the  river.  Its  total  length  is  approximately  4.5  miles  and  its  total 
drainage  area  approximateh’  250  square  miles,  its  watershed  being 
long,  straight  and  narrow.  The  only  large  tributary  is  Licking 
creek,  which,  after  flowing  nearly  i)arallel  to  the  parent  stream  for 
several  miles,  joins  it  just  above  the  river.  Licking  creek  is  used 
for  industrial  water  supply.  The  valley  is  well  cultivated  as  are 
some  of  the  hillsides,  while  the  hill  tops  are  well  timbered.  The 
main  stream  is  unused  for  water  supply  and  little  for  power. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  August  21st,  1911,  at 
Groninger’s  Bridge,  four  miles  above  the  mouth. 
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SUSQUEHANNA  BASIN— STATION  NO.  19. 


TUSCARORA  CREEK  NEAR  PORT  ROYAL. 


DESClilPTION  OF  STATION. 

This  station  was  estahlislied  on  August  21st,  1911,  by  the  Water 
Su])]>h"  Coniinission  of  Peniisylvama,  and  is  located  on  a single  span, 
steel,  through  truss,  higliway  lu'idge.  about  four  miles  above  Port 
Royal. 

Tlie  channel  above  the  station  is  straight  for  150  feet,  with  bend 
to  left,  wliile  below  the  station  it  is  straight  for  200  feet.  The  right 
and  left  banks  are  low  but  do  not  overflow  except  during  extreme 
stages.  The  bed  is  of  gravel  and  rocks  and  is  fairly  permanent. 
There  is  a good  velocity  at  all  stages. 

Measurements  are  taken  from  the  downstream  side  of  the  bridge 
and  by  wading  100  feet  upstream  during  low  stages.  The  initial 
])oint  for  soundings  is  bridge  pin,  downstream  right  abutment. 

A chain  gage  is  bolted  to  the  floor  on  the  upstream  side  of  the 
bridge.  The  length  of  chain  from  the  bottom  of  the  weight  to  the 
marker  is  21.70  feet.  The  elevation  of  zero  is  arbitrary  datum. 
Reuch  Mai  k No.  1 is  shelf  iu  stone  on  face  of  right  abutment,  seventh 
course  from  toj),  second  in  fi'om  downstream  corner,  0.54  feet  down 
from  top  of  stone;  elevation  9.71  feet  above  gage  datum.  The  gage  is 
read  twice  daily  by  G.  W.  Groniuger. 

Siuce  the  establishment  of  this  station  12  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
n Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  TUSCARORA  CREEK,  NEAR  PORT 
ROYAL,  JUNIATA  COUNTY",  PA. 

(Drainage  area  20o  square  miles.) 


No. 

Date. 

HyUrographer. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq.  ft. 

per 

Feet . 

Sec.  ft. 

]912. 

sec. 

12 

Dec.  9. 

Reckord,  78 

113 

0.S6 

2.75 

87 

Surface  measurement. 

DISCHARGE  TAP.LE  FOR  TUSCARORA  CREEK,  NEAR  PORT  ROYAL, 
JUNIxVTA  COUNTY,  FROM  AUGUST  21,  1911. 


Gage  height. 

Discharge. 

Gage  height. 

1 

Discharge. 

Gage  height. 

Discharge. 

1 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

2.00 

0 

.70 

295 

.40 

1210 

.10 

2575 

.80 

4340 

.10 

5 

.80 

335 

.50 

1275 

.20 

2665 

.90 

4460 

.20 

12 

.90 

375 

.60 

1345 

.30 

2755 

9.00 

45SO 

.30 

20 

4.00 

420 

.70 

1415 

.40 

2850 

.10 

4700 

.40 

30 

.10 

465 

.so 

1490 

.50 

29.50 

.20 

4820 

.50 

40 

.20 

510 

.90 

1565 

.60 

3050 

.30 

4945 

.60 

52 

.30 

560 

6.00 

1640 

.70 

3150 

.40 

5080 

.70 

65 

.40 

615 

.10 

1715 

.80 

32'0 

.50 

5215 

.80 

80 

.50 

670 

.20 

1790 

.90 

3350 

.60 

5350 

.90 

97 

.60 

725 

.30 

1870 

8.00 

34.55 

.70 

548-5 

3.00 

115 

.70 

780 

.40 

1950 

.10 

3560 

.80 

5625 

.10 

135 

.80 

835 

.50 

2035 

.20 

3665 

.90 

5765 

.20 

155 

.90 

890 

.60 

2125 

.30 

3775 

10.00 

5905 

.30 

180 

5.00 

950 

.70 

2215 

.40 

3885 

.40 

205 

.10 

1015 

.80 

2305 

.50 

3995 

.50 

235 

.20 

1080 

.90 

2395 

.60 

4110 

.60 

265 

.30 

1145 

7.00 

2485 

.70 

4225 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  TUSCARORA  CREEK,  NEAR  PORT  ROYAL,  JUNIATA  COUNTY, 
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a=Max.  7.08  at  7:35  a.  in.;  2560  sec*ft.  b=Max.  10.39  at  0:00  p.  m. ; 6450  sec-ft.  (est.)  c=Max.  6.48  at  6:20  p.  m.  ; 2020  sec-ft.  d=Max.  12.40  at  7:30 
9950  sec-ft.  (est.)  e=Max.  4.23  at  6:00  p.  m.  ; 5^  sec-ft.  f=Max.  4.69  at  5:00  a.  m.  ; 774  sec-ft.  g=Max.  3.81  at  6:00  p.  m. ; 339  sec-ft.  h=Max.  6.36 
a.  m. ; 1920  sec-ft.  j=Max.  5.98  at  6:40  a.  m. ; 1620  sec-ft.  *Creek  frozen  over,  flee  went  out 
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ESTIMATED  xMONTHEY  DISCHARGE  OF  TUSCARORA  CREEK,  NEAR 
PORT  ROYAL,  JUNIATA  COUNTY. 

(Drainage  area  ;i05  square  miles.) 


Discharge  in  Second-feet. 

Run-Off. 

MONTH. 

Maximum. 

Minimum. 

Mean 

Second-feet 
per  stjuare 
mile. 

Depth  in 
inches. 

1912. 

January,  

654 

170 

280 

1.366 

1.575 

February,  

2560 

94 

396 

1.932 

2.084 

^larch 

6450 

123 

883 

4.307 

4.965 

April,  

2020 

241 

603 

2.941 

3.281 

May 

9950 

135 

916 

4.468 

5.151 

June,  

525 

42 

94 

0.459 

0.512 

774 

15 

S3 

0.405 

0.467 

August 

339 

21 

80 

0.390 

0.450 

September,  

1920 

11 

158 

0.771 

0.860 

October,  

106 

10 

53 

0.259 

0.299 

November,  

December 

1620 

15 

116 

0.566 

0.632 

520 

38 

98 

0.478 

0.551 

The  year,  

9950 

10 

313 

1.528 

20.827 

JUNIATA  RIVER. 


I>ESCRIPTION  OF  BASIN. 

The  Juniata  river,  tlie  largest  tributary  of  the  Susquehanna  river, 
beloAv  the  forks,  drains  a crescent  shaped  area  of  approximately 
3,450  square  miles,  lying  in  the  southcentral  part  of  Pennsylvania, 
and  entirely  within  the  Allegheny  Mountains  and  their  foot  hills. 
This  liver  is  formed  in  Huntingdon  county  at  a point  six  miles  east 
of  Huntingdon,  by  the  junction  of  the  Raystown  and  Frankstown 
Blanches,  the  former  rising  on  the  eastern  slope  of  the  mountains 
in  the  eastern  jmrt  of  Somerset  county,  flowing  eastward  and  then 
northeastward,  with  a drainage  area  of  approximately  1,012  square 
miles,  and  the  latter  rising  in  the  northwestern  part  of  Bedford 
county,  on  the  eastern  slojie  of  the  Allegheny  divide,  and  flowing 
noitheasterly  and  then  southeasterly,  witli  a drainage  area  of  ap- 
proximately 905  square  miles. 

From  the  junction  of  the  two  branches,  the  Juniata  river  flows  in 
a general  easterly  diiection  thiougli  Huntingdon,  Mifflin,  Juniata 
and  Perry  counties,  to  its  mouth  at  Juniata  Bridge,  a total  distance 
of  about  80  miles.  The  valley  of  the  stieain  is  narrow,  bounded  by 
high  bordering  bills  and  flows  in  a winding  course,  cutting  through 
a succession  of  sandstone  ridges,  the  channel  being  generally  on  a 
rocky  bed,  with  numerous  riffles,  separated  by  pools,  iii  which  sedi- 
ment to  considerable  depth  has  collected  at  some  points.  The  junc- 
tion of  the  Frankstown  and  Raystown  Branches  lies  at  an  approxi- 
mate elevation  of  610  feet  and  the  mouth  at  360  feet,  making  an 
10 
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av'^erage  fall  of  three  feet  per  mile.  Draining,  as  this  stream  does,  a 
section  of  the  Allegheny  Mountains,  it  has  many  ti-ibutaries  flowing 
northerly  and  southerD  between  the  ridges.  The  mountains  are 
generally  covered  with  second  growth  timber,  but  the  larger  valleys 
are  deforested  and  used  extensively  for  farming.  The  valleys  of  the 
river  and  its  main  ti  ibutaries  are  rather  thickly  populated,  but  the 
headwaters  of  the  tributaries  are  sparsely  iidial)ited.  At  one  time 
this  river  was  followed  from  its  mouth  to  Ilollidaysburg  by  the  Penn- 
sylvania Canal,  long  since  abandoned,  and  replaced  by  the  main 
line  of  the  Pennsylvania  Pailroad. 

The  majority  of  the  larger  towns  receive  their  domestic  water  sup- 
ply from  tributaries  of  tlie  river;  the  river  itself  being  thus  used 
only  in  case  of  emergency,  is,  however,  considerably  emjdoyed  for 
industrial  ])urposes.  Several  of  the  lower  tributaries,  as  well  as 
both  of  the  branches,  drain  aieas  of  limestone,  which  contribute  to 
maintain  a fair  Ioav  water  flow. 

The  mean  annual  precipitation  over  almost  the  entire  basin  is  from 
4b  to  45  inches. 

The  discharge  has  lieen  measured  since  March  21,  1899,  at  New- 
port, twelve  miles  above  the  mouth. 


SUSQUEHANNA  RIVER— STATION  NO.  20. 


JUNIATA  RIVER  AT  NEWPORT. 


DESCRIPTION  OF  STATION. 

This  station  was  established  l)y  the  F.  S.  Geological  Survey  on 
March  21,  1899,  at  a steel,  through  truss,  highway  bridge,  near  the 
Pennsylvania  Railroad  station  at  Newport.  On  April  1st,  1907, 
this  station  was  taken  over  by  the  5Vater  Supply  Commission  of 
Pennsylvania  and  has  since  been  maintained  and  operated  by  this 
Commission. 

The  channel  is  straight  for  one-half  mile  above  and  below  the  sta- 
tion. The  right  and  left  banks  are  high  and  not  subject  to  over- 
flow. The  bed  is  of  hard  material  and  permanent.  There  is  a good 
measurable  velocity  under  the  bridge  at  all  stages. 

Discharge  measiirements  are  taken  from  the  downstream  side  of 
the  bridge;  the  initial  point  for  soundings  being  end  of  hand-rail  on 
right  bank,  downstream  side. 

On  March  29th,  1905,  a standard  chain  gage  was  fastened  to  the 
hand-rail  on  the  downstream  side  of  the  bridge,  in  the  first  span.  The 
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length  of  chain  from  the  bottom  of  weight  to  the  marker  is  3().S4 
feet.  The  elevation  of  zero  is  3h3.32  feet  above  mean  sea  level  ( P. 
P.  P.  Levels).  Bench  Mark  No.  1 is  extreme  east  end  of  stone  door- 
sill,  east  front  of  Ewing’s  store  building,  near  end  of  bridge;  eleva- 
tion 28.83  feet  above  gage  datum.  This  B.  M.  is  not  reliable  ou  ac- 
count of  the  step  being  worn  considerably  and  should  not  be  con- 
sidered. Bench  Mark  No.  2 is  on  shelf  in  southeast  corner  of  under- 
pinning of  stole  of  J.  M.  Ewing;  elevation,  28.87  feet  above  gage 
datum.  Bench  IMark  No.  3 is  top  of  fire  plug  in  front  of  Ewing’s 
Stole;  elevation,  29.7.5  feet  above  zero  of  gage,  or  393.07  feet  above 
mean  .sea  level.  (P.  P.  P.  Bench).  The  gage  is  read  twice  daily  by 
A.  P.  Bortel. 

Since  the  establishment  of  this  station  37  discharge  measurements 
have  been  made.  No  discharge  measurements  have  been  made  since 
the  1910-11  report  of  the  Water  Supply  Commission,  the  data  jirior 
to  -Tannary  1st,  1912,  being  contained  therein. 


DISCHARGE  TABLE  FOR  .JUNIATA  RIVER,  AT  NEWPORT,  PERRY 
COUNTY  FROM  .JAN.  1ST.,  1912. 


Gage  height. 

Discharge. 

I 

1 Gage  height. 

o 

3 

O 

M 

ja 

'3 

.a 

o 

it) 

a 

'J 

3 

o 

OT 

Gage  height. 

! 

Discharge. 

f 

Gage  height. 

o 

u. 

o 

•r. 

c. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

See.-ft. 

Feet. 

Sec. -ft. 

2.60 

470 

.60 

10880 

.60 

26780 

.60 

46540 

.60 

70120 

.70 

570 

.70 

11220 

.70 

27220 

.70 

47100 

.70 

70740 

.80 

680 

.80 

11560 

.80 

27660 

.80 

47660 

.SO 

71360 

.90 

825 

.90 

11910 

.90 

28100 

.90 

4S220 

.90 

719S0 

8.00 

980 

7.00 

12260 

11.00 

28540 

15.00 

487S0 

19.00 

72600 

.10 

1145 

.10 

12010 

.10 

28980 

.10 

49340 

.10 

73220 

.20 

1320 

.20 

12970 

.20 

29420 

.20 

49900 

.20 

73S40 

.30 

1505 

.30 

13330 

.30 

29SS0 

.30 

50460 

.30 

74460 

.40 

1700 

.40 

13700 

.40 

30340 

.40 

51040 

.40 

75080 

.50 

1900 

.50 

14070 

.50 

30800 

.50 

51620 

.50 

75700 

.60 

2110 

.60 

14440 

.60 

31260 

.60 

52200 

.60 

76320 

.70 

2330 

.70 

14S20 

.70 

31720 

.70 

52780 

.70 

76940 

.80 

2550 

.80 

15200 

.80 

321S0 

.80 

53360 

.80 

77560 

.90 

2780 

.90 

15580 

1 .90 

32640 

.90 

53940 

.90 

7S1S0 

4.00 

3020 

8.00 

15960 

12.00 

33100 

16.00 

54520 

20.00 

78SOO 

.10 

3270 

.10 

16350 

, .10 

33.580 

.10 

55100 

.10 

79420 

.20 

3.530 

.20 

16740 

.20 

34060 

.20 

556S0 

.20 

80060 

30 

3800 

.30 

17130 

.30 

34540 

.30 

56260 

.30 

80700 

.40 

4070 

.40 

17520 

.40 

35020 

.40 

66840 

.40 

81340 

.60 

4350 

.50 

17920 

.50 

35500 

.50 

57440 

.50 

81980 

.60 

4630 

.60 

18320 

.60 

36000 

.60 

58040 

.60 

82620 

.70 

4910 

.70 

18720 

.70 

36.500 

.70 

58640 

.70 

83260 

.80 

5200 

.80 

19120 

.80 

37000 

.80 

59240 

.80 

83900 

.90 

5490 

.90 

19520 

.90 

37.500 

.90 

69840 

.90 

84540 

5.00 

5780 

9.00 

19940 

13.00 

3S020 

17.00 

60440 

21.00 

85180 

.10 

6080 

.10 

20360 

.10 

38540 

.10 

61040 

.10 

85820 

.20 

6380 

.20 

20780 

.20 

39060 

.20 

61640 

.20 

86460 

.30 

6690 

.30 

21200 

.30 

39580 

.30 

62240 

.30 

87100 

.40 

7000 

.40 

21620 

.40 

40100 

.40 

62840 

.40 

87740 

.50 

7310 

.50 

22040 

.50 

40620 

.50 

63440 

.50 

88380 

.60 

7620 

.60 

22460 

.60 

41140 

.60 

64040 

.60 

89020 

.70 

7930 

.70 

22880 

.70 

41C60 

.70 

64640 

.70 

89660 

.SO 

8250 

.80 

23300 

.80 

42200 

.80 

65240 

.80 

90300 

.90 

8570 

.90 

23720 

.90 

42740 

.90 

65840 

.90 

90940 

6.00 

8S90 

10.00 

24140 

14.00 

43280 

18.00 

66440 

22.00 

91580 

.10 

9210 

.10 

&4580 

.10 

43820 

.10 

67040 

.10 

92220 

.20 

9540 

.20 

25020 

.20 

44360 

.20 

67640 

.20 

92860 

.30 

9870 

.30 

25460 

.30 

44900 

.30 

68260 

.40 

10200 

.40 

25900 

.40 

45440 

.40 

68880 

.50 

10540 

.50 

26340 

.50 

45980 

.50 

69500 

Note: — This  table  is  only  applicable  subsequent  to  Jan.  1st,  1912,  and  is  a combination  of  the 
former  curve  of  the  Water  Supply  Commission  of  Penna.,  and  the  1910-11  U.  S.  G.  S.  curve. 
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‘Floating  ice  in  river.  fRiver  frozen  .Tan.  10  to  Feb.  26  Incl.,  and  discharge  estimated  from  W.  Br.  Susquehanna  River  at  Ifenovo  and  climatological  record.s. 
iax.  13.81  at  8:00  a.  m. ; 42309  see.  ft.  bMax.  11.42  at  5:00  p.  m.;  30400  sec.  ft.  cMax.  7.73  at  5:00  p.  m.;  14300  sec.  ft. 
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ESTIMATED  MOXTIII-Y  I>ISCHARGE  OF  JUNIATA  RIVER,  AT  NEW- 
PORT, PERRY  COUNTY,  PA. 

(Drainage  area  3,380  square  miles.) 


Discharge  iu  Second-feet.  I,  Run-otf. 


.MONTH. 

Maximum. 

1912. 

31300 

42300 

1S30O 

304CO 

11600 

11400 

3140 

September, 

14900 

4430 

8090 

December,  . 

4210 

The  year. 


Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  ill 
indies. 

2S10 

0.S31 

0.95S 

4360 

1.290 

1.391 

2730 

13500 

3.994 

4.605 

4630 

9260 

2.740 

3.057 

3530 

10600 

3.136 

3.616 

1500 

2780 

0.S22 

0.917 

1110 

2970 

0.879 

1.014 

1230 

1S70 

0.553 

0.C3S 

1110 

3190 

0.944 

l.O'S 

1320 

2250 

0.666 

0.763 

1500 

30.50 

0.902 

1.006 

1600 

2370 

0.701 

O.SOS 

4920 

1.456 

19.S31 

No... — River  frozen  .Tan.  10-Feb.  26  inch,  discharge  estimated  from  W.  Er.  Susquehamia  River 
at  lt,.novo  and  cliniatological  records. 


CONODOGUIRET  CREEK. 


DESCRIPTION  OF  BASIN. 

Conocloguinet  creeek  rises  in  the  highlands  of  the  west  part  of 
hhanklin  connt3%  flows  northeast  throngh  Franklin  and  Cnnilterlaod 
comities,  to  join  the  Susquehanna  river  opposite  Harrisburg.  Hs 
ccmse  is  tortncns  and  its  cnrient  slow,  and  its  valler"  in  the  lower 
section  is  deep  and  narrow.  The  total  length  of  the  creek  is  75  miles 
and  its  d’ aiiiage  area  4S3  square  miles.  Its  tiibutaries  are  generalh’ 
short  and  niiimportant,  its  waterslied  area  being  long  and  narrow. 
On  the  noith  the  basin  is  bounded  by  a sandstone  lidge,  while  to 
the  south  the  valler"  is  composed  of  rolling,  limestone  hills,  highly 
cultivated.  Carlis^.e  and  Mechanicsburg,  and  otlier  smaller  boroughs, 
lie  in  the  valler*  of  this  stieani  ; the  former  obtaining  its  water  su])i)lv 
therefrom,  and  other  towns  receivuig  their  supjdies  from  the  tribu- 
taries. It  is  considerably  used  for  water  power  by  grist  mills,  and  a 
few  small  hydro-electric  plants. 

The  mean  annual  ])recipitation  over  this  watershed  is  from  40 
to  45  inches. 

The  discharge  has  been  measured  since  September  20th,  1911,  at 
Bryson’s  Bridge,  15  miles  above  the  mouth. 
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SUSQUKIIANNxV  basin-station  no.  21. 


CONODOGUINET  CREEK  AT  BRYSON’S  BRIDGE. 


DESCBIPTION  OF  STATION. 

This  station  was  established  hy  the  Water  Sui»])]y  Coinuiission  of 
reunsylvaiiia  on  September  20th,  and  is  located  on  a two  span, 

eovered,  wooden  bridge,  a few  miles  below  llogestt)wn. 

The  ebannel  is  straight  for  dOO  feet  above  and  500  feet  below  the 
station.  There  are  liities  about  200  feet  above  the  station.  The  right 
bank  is  high,  while  the  left  bank  is  low,  bnt  water  at  all  stages  passes 
under  tlie  bi  idge.  Tlie  bed  is  of  rock,  sand  and  gravel. 

Discharge  measnremenls  are  taken  from  the  downstream  side  of 
the  bridge  tbrongb  the  lioor  o}tenings  and  by  wading.  The  initial 
point  for  sonmlings  is  to})  edge  of  left  al)n(ment,  downstream  side. 

A chain  gage  is  attached  to  the  lower  chord  on  the  downstream 
side  of  the  bi-idge,  near  the  left  bank.  Tbe  length  of  chain  from  the 
bottom  of  weight  to  the  marker  is  10.00  feet.  The  elevation  of  zei'o 
is  arbitrary  datum.  Bench  Mark  No.  1 is  corner  of  })rotrnding  stone, 
tliiid  down  from  to]»,  at  bridge  end  of  left  downstream  ai)})roacli 
wall;  elevation,  20.70  feet  above  gage  datum.  The  gage  is  read 
twice  daily  by  Robert  D.  Hoy. 

Since  the  establishment  of  this  station  1(1  discharge  measurements 
have  been  made.  The  data  })rior  to  1912  will  be  found  in  the  1910-11 
re])ort  of  the  Water  Sni)])ly  Commission. 
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DISCIIAKCJE  MEASUREMENTS  OF  CONODOGUINET  CREEK,  AT  BRY- 
SON'S BRIDGE,  CU-MBERLAND  COUNTY,  BA. 

(Drainage  area  .'fOO  square  miles.) 


No. 

Date. 

Hydrographer. 

S 

Area  of  section. 

>> 

o 

*05 

k 

c 

c3 

0) 

'Pa 

Gage  height. 

Discharge, 

Remarks. 

1912. 

Feet. 

Sq.  ft. 

Ft. 

per 

sec. 

Feet . 

Sec.  ft. 

14 

Nov.  15. 

Peckord  & Hinkley, 

218 

286 

1.03 

2. 98 

295 

0.6  measurement. 

15 

Dec.  16, 

1913. 

Boeliringer  & Reck- 
ord. 

211 

269 

0.64 

2.82 

173 

0.6  measurement. 

16 

April  15, 

Boeliringer  & Reck- 
ord. 

230 

606 

1.83 

4.24 

1112 

0.2  and  0.8  measure- 
ment. 

DISCHARGE  TABLE  FOR  CONODOGUINET  CREEK,  AT  BRYSON’S 
BRIDGE,  CUMBERI.AND  COUNTY,  FROM  JAN.  1ST,  1912. 


Gage  height. 

1 

Discharge. 

Gage  height. 

1 

I Discharge. 

1 

1 Gage  height. 

Discharge. 

Gage  lieight. 

Discharge. 

Gage  height. 

o 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

2.60 

127 

.10 

770 

.60 

1770 

.10 

3160 

.60 

5210 

.70 

155 

.20 

830 

.70 

1850 

.20 

3270 

.70 

5370 

.80 

185 

.30 

890 

.80 

1930 

.30 

3390 

.80 

5540 

.00 

217 

.40 

950 

.90 

2010 

.40 

3510 

.90 

5710 

3.00 

251 

.50 

1010 

6.00 

2090 

.50 

3640 

9.00 

5880 

.10 

287 

.60 

1070 

.10 

2170 

.60 

3770 

.10 

6060 

.20 

325 

.70 

1130 

.20 

2260 

.70 

3900 

.20 

6240 

.30 

365 

.80 

1200 

.30 

2350 

.80 

4030 

.30 

6420 

.40 

405 

.90 

1270 

.40 

2450 

.90 

4160 

.40 

6610 

.50 

450 

5.00 

1340 

.50 

2550 

8.00 

43C0 

.50 

6800 

.60 

495 

.10 

1410 

.60 

2650 

.10 

4450 

.60 

7000 

.70 

545 

.20 

1480 

.70 

2750 

.20 

4600 

.70 

7200 

.80 

605 

.30 

1550 

.80 

2850 

.30 

4750 

.80 

7410 

.90 

660 

.40 

1620 

.90 

2950 

.40 

4900 

.90 

7630 

4.00 

715 

.50 

1690 

1 

7. (Ml 

3050 

.50 

5050 

10.00 

7850 

Note.— This  talile  is  only  ai>iilicai)Ie  subsequent  to  .Tan.  1,  1912,  and  is  based  on  2 low  water 
discliarae  measurements,  together  with  former  curve. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  CONODOGUINET  CREEK,  AT 
BRYSON’S  BRIDGE,  CUMBERLAND  COUNTY. 

(Drain*t<je  area  J^GO  square  miles.) 


MONTH. 


1912. 

January,  

February 

March,  

April,  

May 

June,  

July 

August,  

September,  

October 

November 

December,  

The  year,  — 


Di.scharge  in  Second-feet. 


Maximum. 

Minimum. 

Mean. 

R56 

2670 

663 

7370 

357 

ISO 

2290 

441 

873 

1520 

306 

800 

1320 

195 

320 

1040 

207 

435 

S48 

147 

351 

7180 

hSO 

668 

486 

133 

215 

2040 

h97 

270 

1330 

bl22 

282 

541 

over  Jan. 

5th  to  Feb. 

21st,  incl., 

Run-ofC. 


Second-feet 
per  square 
mile. 


0.774 

1.441 

2.717 

1.898 

1.739 

0.715 

0.946 

0.763 

1.452 

0.467 

0.587 

0.613 


1.176 


Depth  in 
inches. 


0.892 

1.554 

3.132 

2.118 

2.005 

0.79S 

1.091 

0.880 

1.620 

0.538 

0.655 

0.707 

15.990 


during 


Note.— h==Estimated.  Creek  fr( 
ice  measurement  was  made,  from  which,  in  conjunction  with  the  climatological  records 
charge  for  these  dates  was  computed. 


which  time  one 
the  dis- 


SUSQUEHANNA  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Susqueliaiiiia  river,  the  largest  stream  in  the  State,  is  foimed 
by  the  junction  of  the  North  and  West  B andies  at  Northumberland, 
Northumberland  county,  Penn’a.  The  North  Branch,  together  with 
the  section  below  the  junction  of  the  two  branches,  is  now  recognized 
as  the  Susquehanna  river,  but  for  convenience  the  old  nomenclature 
has  been  retained. 

From  Northumberland  the  river  follows  a nearly  southerly  course 
to  its  junction  with  the  Juniata  river  near  Duucannon,  Perry  county, 
at  which  point  it  cuts  through  the  North  Mountain,  turning  to  the 
southeast  and  continuing  this  course  to  its  mouth  in  Chesapeake 
Bay,  at  Havre-de-Grace,  Md.  From  Northumberland  to  a point 
about  12  miles  below  Columbia  the  river  is  wide  and  shallow,  averag- 
ing about  one  mile  in  width,  with  a slope  of  2.(1  feet  per  mile,  break- 
ing through  a series  of  parallel  ridges  in  the  upper  imrtiou,  and 
crossing  the  Cumberland  Valley  in  the  lower  portion.  About  2.S 
miles  above  the  Maryland-Pennsylvania  state  line  the  stream  enters 
a gorge  where  it  crosses  the  Piedmont  Plateau  and  becomes  a more 
narrow  and  rapid  stream,  with  an  average  fall  of  fi.l  feet  per  mile, 
continuing  this  character  until  it  leaves  the  State. 
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The  pi oiiiiiieiit  ti  ilnitaii(‘s  aie  the  West  and  North  Branches, 
•luniata  liver  and  I’ennsylvania,  ttlierinan,  Oonodogniiiet,  Swatara, 
Conestofi'a,  I’eipiea,  Conewago,  Codoius  and  Octoraro  creeks. 

Tlie  total  lenglli  of  the  t^nsipielianna  river  from  Nortluiniberland 
to  the  state  boundary  is  110  miles.  The  drainage  basin  of 
tlie  stream  in  Pennsylvania  is  a]>proximately  21,320  square  miles, 
or  47.2  jier  cent  of  the  entire  area  of  the  state,  while  the  total  area 
tributary  at  tlie  Bennsylvania-Maryland  state  line  is  approximately 
27,500  sipiare  miles. 

The  Snsqiiehaiina  river  is  not  navigable,  exccqit  locally  for  small, 
Hat  tiottom  lioats,  adaptable  for  local  trade  and  ]deasnre  and  this 
only  dnring  certain  seasons  of  the  year.  Canals  formerly  followed 
its  banks  and  those  of  the  North  and  West  Branches,  Jnniata  river 
and  Swatara  creek,  but  they  are  now  abandoned.  This  entire  basin 
is  largel_v  deforesteil  bnt  it  is  to  some  extent  in  process  of  I'egrowtb. 
The  streams  are  subject  to  sudden  rises  and  to  extremely  low  sum- 
mer How.  There  are  few  natiual  lakes  or  ponds  in  the  Middle  and 
Lower  Snsqnehanna  Snb-basiiis. 

The  neai'ly  nidform  slojie,  which  exists  from  Nortbnmberland  to 
York  Haven,  is  broken  at  the  latter  point  by  rapids,  and  again  in  the 
gorge  below  Columbia.  The  water  powei'  on  this  stream  at  present 
is  develo]ied  at  York  Haven  and  McCall’s  Ferry. 

Some  of  the  tiilmtaries  of  the  West  Branch  and  Juniata  river,  to- 
gelher  with  Swatara,  Yellow  ILeeches  and  Conodogninet  creeks 
drain  limestone  areas.  The  North  Branch  drains  the  anthracite 
coal  lields,  as  do  certain  of  the  tributaries  of  the  main  stream,  among 
them  Mahanoy,  Shaniokin,  Mahantonga  and  Wiconisco  creeks. 

The  chief  municipalities  on  the  main  river  and  its  tributaries  be- 
low Northumlierland  are  Sunbury,  Altoona,  Ilollidaysburg,  Tyrone, 
Huntingdon,  Lewistown,  Harrisburg,  Shamokiu,  Shenandoah,  Leb- 
anon, York,  Lancaster  and  Columbia.  Tlie  main  river,  both  branches 
and  many  of  its  tributaries  ai  e followed  by  the  Penusylvania  or  the 
Philadeljihia  ami  Beading  Bailroads. 

The  mean  annual  rainfall  over  the  entire  SiTsquehanna  basin  in 
I’ennsylvania  is  approximately  41  inches. 

The  discharge  is  being  measured  at  Harrisbui'g,  on  the  main 
stream,  and  at  Wilkes-Barre,  Danville  and  Binghamton,  on  the  North 
Branch;  Williamsport  and  Benovo,  on  the  West  Branch,  and  New- 
port on  the  Juniata  river.  Prior  to  January  1st,  1010,  the  discharge 
was  obtained  on  the  main  river  at  McCall’s  Ferry.  This  station  was 
discontinued,  due  to  the  erection  of  a large  concrete  dam,  near  the 
station. 
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SUSQUEHANNA  BASIN— STATION  NO.  22. 


SUSQUEHANNA  RIVER  AT  HARRISBURG. 


DESCRIPTION  OF  STATION. 

This  station  was  established  JanuaiT  1st,  1891,  at  the  pumping 

station  of  the  Harrisburg  Water  Works,  located  at  the  foot  of  Nortli 

• 

Street,  Harrisburg.  Readings  were  taken  on  this  gage  until  July 
18th,  1901,  when  a standard  chain  gage  was  installed  on  the  Walnut 
Street  Bridge,  by  the  U.  S.  Geological  Survey.  On  July  15th,  1906, 
the  U.  S.  Weather  Bureau  took  over  the  maintenance  of  this  station. 

The  channel  is  straight  both  above  and  below  the  station,  being 
divided  into  two  parts  by  Hargest’s  Island.  The  right  and  left  banks 
are  high  and  not  subject  to  over  flow.  The  bed  is  of  gravel  and 
boulders  and  is  permanent. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  Walnut  Street  Bridge;  the  initial  point  for  soundings  being  end 
post  of  hand-rail  on  downstream  side  at  left  bank. 

From  1890  to  July  18,  1901,  the  readings  were  taken  in  the  pump 
well  at  the  water  works,  the  observations  being  made  by  E.  Mather. 
On  Juh"  18th,  1901,  a standard  chain  gage  was  attaclied  to  the  hand- 
rail on  the  upstream  side  of  the  Walnut  Street  Bridge,  in  the  first 
span.  The  length  of  chain  from  the  l)ottom  of  tlie  weight  to  llie 
marker  is  39.37  feet.  Tlie  elevation  of  zero  is  the  low  water  mark  of 
1803,  or  289.1  feet  above  mean  sea  level.  Bench  Mark  No.  1 is  toji  of 
upstream  outer  corner  of  bridge  seat  on  left  abutment;  elevation, 
32.99  feet  above  gage  datum.  Since  July  15th,  1906,  the  gage  has 
been  observed  by  E.  E.  Demain,  Local  Forecaster,  U.  S.  Weatlier 
Bureau. 

The  island,  which  divides  the  liver  into  two  channels  at  this  point, 
onlj^  overflows  at  extreme  high  stages. 

Since  the  establishment  of  this  station  56  discharge  measure- 
ments have  been  made.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  report  of  the  Water  Supply  Commission. 
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DISOHARfiE  :MEASUIiE;MENTS  OF  fSUSQUEHANNA  RIVER,  AT  HAR- 
RISBURG. DAUPHIN  COUNTY,  PA. 


(Drainacfe  urea  23 ,Sh5  square  miles.) 


No. 

Date. 

Hydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

1 

Discharge. 

Remarks. 

1913. 

Feet. 

« 

Sq.  ft. 

Ft. 

per 

sec. 

Feet. 

Sec.  ft. 

56 

Mar.  2S, 

Langenheim  & Reck- 
ord. 

2724 

56223 

7.42 

19. 4C 

416,934 

Surface  measurement. 

DISCHARGE  TABLE  FOR  SUSQUEHANNA  RIVER  AT  HARRISBURG, 
DAUPHIN  COUNTY,  FROM  JANUARY  1,  1912. 


Gage  height. 

Discharge. 

Gage  heiglit. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

—0.04 

2330 

.10 

53  too 

.40 

154570 

.70 

289000 

21.00 

456500 

- 0.02 

2360 

.20 

55020 

.50 

156740 

.80 

291800 

.10 

460100 

0.00 

2395 

.30 

56660 

.60 

158920 

.90 

294600 

.20 

463800 

.10 

2610 

.40 

68320 

.70 

161110 

16.00 

297400 

.30 

467600 

.20 

2895 

.50 

60000 

.80 

163320 

.10 

300300 

.40 

471400 

.30 

3220 

.60 

G1700 

.90 

165550 

.20 

303200 

.50 

475200 

.40 

3590 

.70 

63410 

11.00 

167800 

.30 

306100 

.60 

479000 

.50 

3995 

.80 

65130 

.10 

170100 

.40 

309000 

.70 

482800 

.60 

4435 

.90 

66860 

.20 

172400 

.50 

311900 

.80 

486600 

.70 

4905 

6.00 

68COO 

.30 

174700 

.60 

314800 

.90 

490400 

.SO 

5410 

.10 

70350 

.40 

1770(10 

.70 

317700 

22.00 

494200 

.90 

5930 

.20 

72110 

.50 

179400 

.80 

320600 

.10 

498100 

1.00 

6475 

.30 

73870 

.60 

181800 

.90 

323500 

.20 

502000 

.10 

7035 

.40 

75630 

.70 

184200 

17.00 

326400 

.30 

5(^900 

.20 

7625 

.50 

77400 

.80 

186600 

.10 

329400 

.40 

509900 

.30 

8230 

.60 

79200 

.90 

189000 

.20 

332400 

.50 

513900 

.40 

8900 

.70 

81020 

12.00 

191400 

.30 

335400 

.60 

518000 

.50 

9610 

.80 

82860 

.10 

193800 

.40 

338400 

.70 

522100 

.60 

10380 

.90 

84720 

.20 

196200 

.50 

341500 

.80 

526200 

.70 

11180 

7.00 

86600 

.30 

19S70O 

.60 

314600 

.90 

530300 

.80 

12000 

.10 

88500 

.40 

201200 

.70 

347700 

23.00 

534400 

.90 

12835 

.20 

90400 

.50 

203700 

.80 

350SOO 

.10 

538500 

2.00 

13690 

.30 

92300 

.60 

206200 

.90 

353900 

.20 

542600 

.10 

14550 

.40 

94200 

.70 

208700 

18.00 

357000 

.30 

546700 

.20 

15410 

.50 

96100 

.80 

211200 

.10 

360200 

.40 

550900 

.30 

16290 

.60 

98040 

.90 

213800 

.20 

363400 

.50 

55M00 

.40 

17180 

.70 

99980 

13.00 

216400 

.30 

366600 

.60 

559300 

.50 

18100 

.80 

101920 

.10 

219000 

.40 

369800 

.70 

563500 

60 

19030 

.90 

103SCO 

.20 

221600 

.50 

373000 

.80 

567700 

.70 

19980 

8.00 

105800 

.30 

224200 

.60 

376200 

.90 

571900 

.80 

20950 

.10 

107770 

.40 

226800 

.70 

3794CO 

’4.00 

.576200 

.90 

21960 

.20 

109740 

.50 

229400 

.80 

382600 

.10 

580500 

3.00 

23000 

.30 

111710 

.60 

232000 

.90 

385800 

.20 

5S4800 

.10 

24150 

.40 

113680 

.70 

234600 

19.00 

3S9000 

.30 

589100 

.20 

2.5450 

.50 

115650 

.80 

237200 

.10 

392300 

.40 

593100 

.30 

26800 

.60 

117650 

.90 

239800 

.20 

395600 

.50 

597700 

.40 

28150 

.70 

119650 

14.00 

242400 

.30 

398900 

.60 

602000 

.50 

29500 

.80 

121650 

.10 

245100 

.40 

402200 

.70 

606400 

.60 

30900 

.90 

123650 

.20 

247800 

.50 

405500 

,80 

610900 

.70 

32300 

9.00 

125650 

.30 

250500 

.60 

408S00 

.90 

615400 

.80 

33750 

.10 

127660 

.40 

253200 

.70 

412100 

25.00 

620000 

.90 

35200 

.20 

129670 

.50 

255900 

.80 

415400 

.10 

624700 

4.00 

36600 

.30 

131680 

.60 

258600 

.90 

418700 

.20 

629400 

.10 

38050 

.40 

133690 

.70 

261300 

20.00 

422000 

.30 

634100 

.20 

39.500 

.50 

135700 

.80 

264000 

.10 

425400 

.40 

638800 

.30 

41000 

.60 

137720 

.90 

266700 

.20 

428800 

.50 

643500 

.40 

42550 

.70 

139760 

15.00 

269400 

.30 

432200 

.60 

648300 

.50 

44100 

.80 

141820 

.10 

272200 

.40 

435600 

.70 

653100 

.60 

45650 

.90 

143900 

.20 

275000 

.50 

439000 

.80 

658000 

.70 

47200 

10.00 

146000 

.30 

277800 

.60 

442500 

.90 

662900 

.80 

48750 

.10 

148120 

.40 

280600 

.70 

446000 

26.00 

667800 

.90 

60250 

.20 

150260 

.50 

283400 

.80 

449500 

5.00 

51800 

.30 

152410 

.60 

286200 

.90 

453000 

Xote. — This  table  is  only  applicable  subsequent  to  Jan.  1,  1912,  and  is  based  on  two  discharge 
raea.surements  made  during  1912-13,  together  with  the  former  curve,  and  only  affects  discharge 


above  eleven  feet. 


DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  SUSQUEHANNA  RIVER  AT  HARRISBURG,  DAUPHIN  COUNTY, 
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ESTOIATED  MONTIITA’  OrSCIIARGB  OF  SUSQUEHANNA  RIVER,  AT 
HARRISBURG,  DAUPHIN  COUNTY. 

( Dniinaae  area  23,581  S(2uare  miles.) 


MONTH. 

Discliarge  in  Second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-^eet 
per  sipiare 
mile. 

Depth  in 
inches. 

1912. 

20800 

0.871 

1 004 

168000 

25600 

1.072 

1.156 

March.  \ 

23S(I(10 

21300 

8S90O 

3.722 

4.291 

A[)ril 

24C0U(> 

44700 

102000 

4.270 

4.764 

Mav 

iir.ooo 

19800 

60500 

2.533 

2.920 

.Tunc 

21700 

7810 

13400 

0.561 

0.626 

.Inly 

ISIOO 

6370 

93SO 

0.393 

0.453 

Auau.st 

17400 

5830 

9850 

0.412 

0.476 

Sc[)tcmi't»r 

12f.(IOO 

10800 

80400 

1.273 

1.420 

i ictuher 

53100 

13200 

24100 

1.009 

1.163 

Novcm])Qr.  

74S00 

19200 

32100 

1.344 

1.499 

December 

69500 

19900 

33300 

1.394 

1.607 

The  V(‘iir 

37500 

1.571 

21.378 

N'citc. — liivi'r  frozi’ii  Jiiii.  ;>  to  Fell.  2(5,  iiirl.,  daily  discliarge  estimated  from  a comparison  with 
West  t'.r,  Sus(iueliaiina  itiver  at  ^Vllliamspol■t  and  Nortli  Br.  Susiiuelianna  River  at  WilUes-Barre. 


YELLOW  BREECHES  CREEK. 


DESiUHI'TION  OF  BASIN. 

Yellow  Breeches  creek,  a trihatary  of  the  lower  Susquehanna  river, 
drains  an  area  of  a]>proxinuifely  225  square  miles.  Rising  in  the 
southwestern  corner  of  Cumberland  eouuty,  it  follows  a north- 
easterly direction  through  tlie  rich,  agricultural  region  of  the  Cum- 
berland Valley,  to  its  moulli  in  the  Snstiuehanna  river  at  New  Cum- 
bei'land,  the  total  length  being  approximately  50  miles.  Its  course 
is  winding,  iiarticulai  ly  near  its  month,  and  its  slope  becomes  less 
rapid  as  the  river  is  apprc.'ached.  There  are  nnmerous  small  tribu- 
taries rising  in  the  well  timbere<l,  sandstone  hills,  which  parallel  the 
entire  watershed  on  the  south.  The  creek  follows  closely,  throughout 
its  long  and  narrow  watershed,  the  foot  of  these  hills,  while  on  the 
north  the  valley  is  wide  and  rolling,  being  underlain  with  limestone 
and  producing  numerous  cojjious  springs,  notably  Boiling  Springs, 
which  are  by  far  the  largest  in  the  State,  maintaining  a continuous 
flow  of  over  20,000,000  gallons  per  24  hours.  In  the  entire  valley 
there  are,  owing  to  the  presence  of  this  limestone  area,  only  a few 
small  tributaries  entering  from  the  north.  In  the  drainage  basin 
lie  many  small  villages,  several  of  which  obtain  water  supplies  from 
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tlie  creek  and  its  tributaries.  Yellow  Brceclies  cieek  is  used  quite 
extensively  by  grist  mills  for  power  jnnqtoses  and  its  dry  weatlier 
flow,  maintained  by  the  limestone  springs,  is  remarkably  large. 

The  mean  annual  precipitation  over  the  greater  portion  of  this 
watershed  is  from  35  to  40  inches,  the  balance  receiving  fi-om  40  to 
45  inches. 

The  discharge  has  been  measured  since  March  22,  1909,  at  Olm- 
sted’s Mill,  three  miles  above  the  mouth. 


SUSQUEHANNA  BASIN-STATION  NO.  23. 


YELLOW  BREECHES  CREEK  AT  OLMSTED’S  MILL. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  tlie  Water  Sup]»ly  Commission  of 
Pennsylvania  on  iMarcli  22nd,  1909,  at  a single  span,  tlirough  truss, 
steel,  highway  bridge,  just  lielow  Laml)ert's  Mill,  about  one  mile 
south  of  White  Hill  Station  on  the  Cumberland  Valley  Railroad. 
It  rvas  discontinned  on  Octolier  31st,  1909,  and  re-estaldislied  Jan- 
uary 22nd,  1910. 

The  channel  above  the  station  is  straight  for  200  feet  io  a wooden 
mill  dam  four  feet  high,  wliile  below  the  station  the  channel  is 
straight  for  75  feet,  wlien  there  is  a sliarp  bend  to  tlie  right.  Roth 
banks  aie  high  and  do  not  overtlow.  The  bed  of  the  creek  is  fairly 
permanent,  and  theie  is  but  one  channel  at  all  stages.  Water  runs 
over  the  dam  continuously. 

Discharge  measuiements  are  taken  from  the  doAvnstream  side  of 
the  bridge,  the  initial  ]»oint  for  sonndings  being  the  ilownstream 
side  of  the  top  edge  of  the  bridge  seat  of  the  left  abutment. 

A standard  chain  gage  is  bolted  to  the  bottom  chord  eyebar  in 
the  fourth  panel  fi'oni  the  right  aluitment,  downstream  side.  The 
length  of  chain  from  the  bottom  of  weight  to  the  maiker  is  lo.Ot! 
feet.  The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No. 
1 is  top  of  bridge  seat,  right  abutment,  outer  doAvnstream  corner; 
elevation  13. G2  feet  above  zero  of  gage.  The  gage  is  read  twice  ilaily 
by  B.  G.  Lambert. 

This  stream  has  a remarkably  high  dry  wealhei*  flow,  on  account 
of  the  limestone  springs  on  its  watershed. 

Since  the  establishment  of  this  station  23  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910-1] 
Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  YEELOIV  BREECHES  CREEK,  AT 
OLMSTEDS  MILL,  CUMBERLAND  COUNTY,  PA. 

(Draim'ge  area  223  square  miles.) 


Hate. 

Hydrograpber. 

width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

L'ci  t. 

Sq.  ft. 

per 

Feet. 

Sec.  It. 

1012. 

sec. 

Dec.  16, 

Boeliringor  & Reck- 

124 

2Z1 

0.62 

9.90 

144 

0.6  measurement. 

ord. 

DISCHARGE  TABLE  FOR  YELLOW  BREECHES  CREEK,  AT  OLMSTEDS 
MILL,  CUMBERLAND  COUNTY,  FROM  JANUARY  1,  1912. 


"S 

o 

tt 

n 

Discliargo. 

o 

tc 

C3 

a 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

1 

Gage  height. 

Discharge. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

0.59 

130 

.10 

555 

.70 

130o 

.30 

2265 

.90 

3650 

.60 

135 

.20 

595 

.80 

1360 

.40 

2335 

7.00 

3750 

.70 

145 

.30 

640 

.90 

1415 

.50 

2405 

.10 

3850 

.80 

155 

.40 

685 

4.00 

1470 

.60 

2480 

.20 

3950 

.90 

170 

.50 

730 

.10 

1525 

.70 

2560 

.30 

4055 

1.00 

185 

.60 

775 

.20 

1580 

.80 

2640 

.40 

4160 

.10 

205 

.70 

820 

.30 

1635 

.90 

2725 

.50 

4270 

.29 

230 

.80 

865 

.40 

1695 

6.00 

2815 

.60 

4380 

.30 

2.55 

.90 

910 

.50 

1755 

.10 

2905 

.70 

4495 

.40 

285 

3.00 

955 

.60 

1815 

.20 

2995 

.80 

4610 

.50 

320 

.10 

lonr, 

.70 

1875 

.30 

3085 

.90 

4730 

.60 

355 

.20 

1056 

.80 

1935 

.40 

3175 

8.00 

4850 

.70 

305 

.30 

1105 

.90 

1995 

.50 

3270 

.80 

435 

.40 

1155 

5.00 

2060 

.60 

3365 

.90 

475 

.50 

1205 

.10 

2125 

.70 

3460 

2.00 

515 

.60 

1255 

.20 

2195 

.80 

3abb 

Note. — This  rating  table  is  only  applicable  subsequent  to  ,Tan.  1,  1912,  and  is  based  on  two 
discharge  measurements  made  during  1912,  together  with  former  curve. 
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ESTIMATED  ISIONTHIjY  DISCHARGE  OP  YELLOW  BREECHES  CREEK, 
AT  OLMSTEDS  MILL,  CUMBERLAND  COUNTY,  PA. 

(Dtainafjc  area  '223  square  miles.) 


Discharge  iu  Second-feet. 

Eun-oft. 

MONTH. 

Maxiimim. 

Minimum. 

Me.iu. 

Second-feet 
Iier  square 
mile. 

Depth  in 
inches. 

1912. 

January,  

February,  

34R 

189 

239 

1.072 

1.236 

2550 

170 

334 

1.498 

1.616 

March 

3560 

255 

623 

2.794 

3.221 

April 

946 

320 

458 

2.054 

2.291 

910 

205 

399 

1.789 

2.063 

June,  

r.35 

170 

273 

1.224 

1.365 

July 

499 

160 

248 

1.112 

1.282 

August 

980 

151 

261 

1.170 

1.349 

Septciul)er 

842 

145 

226 

1.013 

1.130 

Octobor 

193 

149 

164 

0.735 

0.848 

XDveml)er 

431 

153 

223 

1.000 

1.116 

Decemlier,  

4S3 

155 

214 

0.960 

1.107 

Tlie  year 

3560 

145 

305 

1.368 

18.624 

BIG  SWATARA  CREEK. 


DESCRIPTION  OF  BASIN. 

Bij;'  Swataia  eieek,  a tributary  of  the  Sus(iueliauiia  river  from 
Schuylkill,  Beiks,  Lehanoii  aud  Daujdiin  counties,  drains  an  ap- 
proximate area  of  bO.'*  square  miles.  Bi.siuo'  in  the  lulls  in  the  south- 
western part  of  Schuylkill  counhq  this  stream  tlows  iu  a general 
southwesterly  direction  through  a broad,  rolling,  farnung  country, 
well  inhabited  and  largely  deforeste<l,  to  its  mouth  at  Middletown, 
Dauphin  country  a distance  of  about  05  miles.  On  the  headwaters 
in  Schuylkill  county  lie  numerous  anthracite  coal  mines,  the  culm 
from  which  pollutes  the  entire  stream.  There  are  numerous  tribu- 
taries, the  principal  being  Little  Swatara  and  Quittapahilla  creeks. 
The  sub-basins  of  some  of  the  tributaries  are  underlain  with  lime- 
stone and  numerous  sti-ong  springs  contribute  to  its  flow.  The  slope 
is  flat  and  the  flow  sluggish  in  the  lower  portion.  The  city  of  Leb- 
anon and  numerous  large  boroughs  aud  villages  lie  on  the  water- 
shed. The  main  stream  and  its  branches  are  used  to  some  extent 
for  domestic  and  industrial  supply,  while  numerous  mill  and  power 
dams  cause  slack  water  for  long  stretches. 

The  upper  part  of  the  watershed  is  subject  to  a mean  annual  pre- 
cipitation of  from  40  to  50  inches  and  the  lower  portion  from  40  to 
45  inches. 

The  discharge  has  been  measured  at  Jonestown,  just  above  the 
mouth  of  Little  Swatara  creek,  since  November  19,  1910. 


SUSQUEHANNA  UASIN-STATION  NO.  24 


BIG  SWATARA  CREEK  AT  JONESTOWN. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission 
of  Pennsylvania,  in  co-operation  with  the  Lebanon  Valley  Consoli- 
dated Water  Supply  Company,  on  November  19th,  1910,  at  a two 
span,  steel,  throngh  truss,  highway  bridge,  between  Jonestown 
proper  and  the  Philadelphia  and  Reading  Railway  Station. 

For  150  feet  above  and  200  feet  below  the  station,  the  channel  is 
straight,  with  a lift  above  and  pool  below.  Both  banks  are  low, 
hut  the  water  passes  under  the  bridge  at  all  stages.  The  bed  is  com- 
posed of  gravel,  sand  and  culm.  At  low  stages  the  velocity  under 
the  bridge  is  slight. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  or  by  Avading  during  low  water.  The  initial  point  for 
soundings  is  right  face  of  first  hand-rail  post  on  left  side  of  bridge. 
The  stations  are  painted  on  tlie  doAvnstream  truss. 

A chain  gage,  with  removable  rveight  and  chain,  is  attached  to  the 
floor  on  the  downstream  side  of  the  bridge.  The  length  of  chain 
from  bottom  of  weiglit  to  marker  is  23.02  feet.  The  elevation  of 
zero  is  arbitrary  datum.  Bench  Mark  No.  1 is  niche  cut  in  top  of 
corrrer  stone  on  IGth  tier  from  top  of  left  abutment,  downstream 
face;  elevation,  8.49  feet  above  gage  datum.  The  gage  is  read  twice 
daily  by  the  watchman  at  the  filter  plant  of  the  Lebanon  Valley 
Consolidated  Water  Supply  Company. 

There  is  a mill  dam  about  six  miles  above  whicli  stores  water  at 
night. 

Little  Swatara  creek  joins  the  main  stream  about  one  mile  be- 
low the  gaging  station. 

Since  the  establishment  of  this  station  19  discliarge  measurements 
have  been  made.  The  data  piior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  RIG  SWATARA  CREEK,  AT  JONES- 
TOWN, LEBANON  COUNTY,  PA. 

fDiuinage  area  190  square  miles.) 


No. 

Date. 

Ilydrographer. 

1 

Width.  1 

j 

Area  of  section. 

1 

Mean  Telocity. 

Gage  height. 

Discharge. 

Keraarks. 

17 

1912. 

Dee.  10, 

Ueckord 

Feet . 

179 

Sq.  ft. 

315 

Ft. 

per 

sec. 

1.22 

Feet. 

3.94 

Sec.  ft. 

383 

Surface 

measurement. 

18 

1913. 

Mar.  27, 

HinUley 

226 

I860 

4.43 

11.31 

8239 

Surface 

measurement. 

19 

Mar.  27, 

lliuUley 

22i; 

ISSS 

•1.59 

11.47 

8672 

Surface 

measurement. 

DISCHARGE  TABLE  FOR  BIG  SWATARA  CREEK,  AT  JONESTOWN, 
LEB.ANON  (.H)UNTY,  FROM  JANUARY  1,  1912. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

See. -ft. 

Feet. 

Sec.-ft. 

3.00 

10 

.30 

565 

.60 

1660 

.90 

3114 

.20 

4674 

.10 

30 

■ 630 

.70 

1770 

7.00 

3230 

.30 

4796 

.20 

60 

.50 

695 

.80 

1880 

.10 

3350 

.40 

4918 

.30 

90 

.60 

765 

.90 

1990 

.20 

3470 

.50 

5040 

.40 

125 

.70 

840 

6.00 

2100 

.30 

3590 

.60 

5162 

.50 

160 

.80 

915 

.10 

2210 

.40 

3710 

.70 

5284 

.60 

200 

.90 

995 

.20 

2320 

.50 

3830 

.80 

5406 

.70 

245 

5.00 

1080 

.30 

2430 

.60 

3950 

.90 

5528 

.80 

290 

.10 

1170 

.40 

2540 

.70 

4070 

9.00 

5650 

.90 

335 

.20 

1260 

.50 

2650 

.80 

4190 

4.00 

385 

.30 

13G0 

.60 

27  66 

.90 

4310 

.10 

440 

.40 

1460 

.70 

2882 

8.00 

4430 

.20 

500 

.50 

1560 

.80 

2998 

.10 

4552 

Note. — Tliis  rating  talile  is  only  apr)Iicable  subsequent  to  Jan.  1,  1912,  and  is  based  on  two 
high  water  discliarge  n'rasureinents  made  during  1913,  together  with  former  curve;  the  change 
having  affected  forn-'  tables  above  7 ft. 


DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OP  BIG  SWATARA  CREEK  AT  JONESTOWN,  LEBANON  COUNTY, 
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♦stream  frozen.  Daily  iliscliarj^e  from  .Tan.  C-Deli.  20,  incl.,  eBtimnted  from  Conodociiinet  Creek  at  ISrysons  liriilge  ami  I.aekawanua  Klver  at  Scranton.  flee 
■ent  out.  iiMax.  10. 20 ' at  0:00  p.  m.  ; 71t!0  see-ft.  l)Max.  ti.87  at  C;00  a.  m.  ; OOSO  .sec-ft. 


ESTIMATED  MUNTHTA’  DISCHARGE  OP  DIG  SWATARA  CREEK,  AT 
JONESTOWN,  LEBANON  COUNTY. 

(Drainage  area  100  square  miles.) 


MONTU. 

Discharge  in  Second-feet. 

Run-oif. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  siiuare 
mile. 

Depth  in 
inches. 

1912. 

164 

0 863 

ft 

2190 

9.  n9fi 

9 18.5 

March 

7180 

214 

1060 

5.579 

6.432 

April 

2200 

340 

735 

3.868 

4.316 

May 

931 

156 

459 

2.416 

2.785 

June,  

390 

54 

122 

0.642 

0.716 

July,  

669 

16 

117 

0.616 

0.710 

August 

429 

33 

86 

0.453 

0.522 

September,  

3080 

24 

263 

1.384 

1.644 

Oc  tober,  

610 

100 

239 

1.258 

1.451 

Ncveinber,  

1160 

146 

296 

1.658 

1.738 

L'ecember 

1680 

156 

415 

2.184 

2.518 

The  year,  

362 

1.904 

25.912 

Note.— Stream  frozen  Jan.  6-Feb.  20,  iucl.,  daily  discharge  estimated  from  Conodoguinet  Creek 
at  Brysons  Bridge  and  Lackawanna  Uiver  at  Scranton. 


POTOMAC  BASIN 


(167) 


( 168  ) 


GAGING  STATIONS  IN  POTOMAC  BASIN. 
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WEST  BRANCH  OF  LITTLE  ANTIETAM  CREEK. 


DESCRIPTION  OF  P.ASIN. 

Tlie  West  Bi-ancli  of  Little  Aiitietaiii  oieek  rises  iu  laatiy  springs 
and  nmuntain  streams  in  (^nincy  tovrnsliip.  Franklin  connW,  and 
flows  in  a general  southerly  direction  to  its  junction  with  the  East 
Branch,  about  onehalf  mile  below  the  State  Line  in  Maryland.  Its 
drainage  area  in  Pennsylyania  is  44  square  miles,  while  its  total 
length  is  approximately  12  miles.  Its  course  is  through  an  agricul- 
tural legion,  the  hills  liordering  the  yalley  being  heayily  timbered. 
There  are  but  few  tributaties;  those  ctitering  from  the  west  drain- 
ing a limestone  atea.  In  its  wateished  ate  many  small  towns  and 
villages,  the  largest  of  whicli  is  'Waynesboro,  which  receiyes  part  of 
its  domestic  water  sujqily  from  the  creek. 

The  meati  annual  precii»itation  over  this  watershed  is  from  35  to 
40  inches. 

The  discharge  of  this  stream  has  been  measured  over  a concrete 
weir  since  May  1st,  1000,  at  ^lont  Alto,  by  the  Pentisylvania  State 
Forestry  Academy,  about  2 miles  below  its  source. 


POTOMAC  P.ASIN— STATION  NO.  1. 


WEST  BRANCH  OF  LITTLE  ANTIETAM  CREEK  AT  MONT 

ALTO,  PA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Pennsylyania  State  Forestry 
Academy  on  May  1st,  1000,  and  consists  of  a concrete  weir  located 
about  one  mile  above  the  Academy  Buildings,  on  State  land.  This 
weir  is  of  the  sharp  crested  type  with  end  contractions,  being  5.98 
feet  wide  across  the  crest  at  the  bottom  and  6.05  feet  wide  at  the  top. 
The  sides  are  1.64  feet  high  and  the  crest  is  not  level,  the  west  end 
being  0.01  of  a foot  lower  than  the  right.  The  hook  gage  is  placed 
about  three  feet  up  stream  from  the  right  end  and  is  read  to  thou- 
sandths. Floods  overflow  the  weir  but  once  or  twice  yearly,  the  or- 
dinary high  water  being  about  1.5  feet  over  the  crest.  To  all  appear- 
ances there  is  no  leakage  through  the  concrete  or  under  it. 

The  weir  is  read  on  an  average  of  twice  daily  by  the  Forestry  Aca- 
demy students,  except  during  vacation  periods. 
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Water  is  pumped  from  the  stream  above  the  weir  by  the  system 
which  supplies  the  State  Health  Departmeut,  Mont  Alto  Sanitarium, 
and  is  also  lead  by  a Cinch  pipe  from  a point  a short  distance  above 
the  weir  to  the  Academy  bnildings.  No  records  are  obtainable  of 
the  amount  thns  nsed  by  the  latter  snpply,  bnt  the  supply  pumped 
to  the  Sanitarium  averaged  31,100  gallons  per  day,  dnring  the  year 
1912,  or  at  the  rate  of  0.048  cubic  feet  per  second. 

The  data  prior  to  1912  will  be  found  in  the  1910-11  Eeport  of  the 
Water  Supply  Commission. 


DISCHARGE  TABLE  FOR  WEST  BRANCH  LITTLE  ANTIETAM  CREEK, 
AT  MONT  ALTO,  FRANKLIN  COUNTY,  FROM  MAY  1,  1909. 


1 

1 

Gage  height. 
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Discharge. 

Feet. 

See. -ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

0.00 

0.00 

0.31 

3.39 

0.62 

9.53 

0.93 

17.38 

1.24 

26.54 

0.01 

0.05 

0.32 

3.56 

0.63 

9.77 

0.94 

17.65 

1.25 

26.85 

0.02 

0.10 

0.33 

3.73 

0.64 

10.01 

0.95 

17.93 

1.26 

27.16 

0.03 

0.15 

0.34 

3.90 

0.65 

10.25 

0.96 

18.21 

1.27 

27.47 

0.04 

0.20 

0.35 

4.07 

0.66 

10.49 

0.97 

18.49 

1.28 

27.78 

0.05 

0.26 

0.36 

4.24 

0.67 

10.73 

0.98 

18.77 

1.29 

28.09 

0.06 

0.32 

0.37 

4.42 

0.68 

10.97 

0.99 

19.05 

1.30 

28.41 

0.07 

0.39 

0.38 

4.60 

0.69 

11.21 

1.00 

19.33 

1.31 

28.73 

0.08 

0.46 

0.39 

4.78 

0.70 

11.45 

1.01 

19.62 

1.32 

29.05 

0.09 

0.54 

0.40 

4.96 

0.71 

11.69 

1.02 

19.91 

1.33 

29.38 

0.10 

0.63 

0.41 

5.14 

0.72 

11.94 

1.03 

20.20 

1.34 

29.71 

0.11 

0.72 

0.42 

5.33 

0.73 

12.19 

1.04 

20.49 

1.35 

30. Oi 

0.12 

0.82 

0.43 

5.52 

0.74 

12.44 

1.05 

20.78 

1.36 

30.37 

0.13 

0.92 

0.44 

5.71 

0.75 

12.69 

1.06 

21.07 

1.37 

30.70 

0.14 

1.03 

0.45 

5.90 

0.76 

12.94 

1.07 

21.36 

1.38 

31.03 

0.15 

1.15 

0.46 

6.10 

0.77 

13.19 

1.08 

21.65 

1.39 

31.36 

0.16 

1.27 

0.47 

6.30 

0.78 

13.44 

1.09 

21.94 

1.40 

31.70 

0.17 

1.39 

0.48 

6.50 

0.79 

13.69 

1.10 

22.23 

1.41 

32.04 

0.18 

1.51 

0.49 

6.70 

0.80 

13.94 

1.11 

22.53 

1.42 

32.38 

0.19 

1.63 

0.50 

6.91 

0.81 

14.20 

1.12 

22.83 

1.43 

32.72 

0.20 

1.76 

0.51 

7.12 

0.82 

14.46 

1.13 

23.13 

1.44 

33.06 

0.21 

1.89 

0.52 

7.33 

0.83 

14.72 

1.14 

23.44 

1.45 

33.40 

0.22 

2.02 

0.53 

7.54 

0.84 

14.98 

1.15 

23.75 

1.46 

33.75 

0.23 

2.16 

0.54 

7.75 

0.85 

15.24 

1.16 

24.06 

1.47 

34.10 

0.24 

2.30 

0.55 

7.96 

0.86 

15.50 

1.17 

24.37 

1.48 

34.45 

0.25 

2.44 

0.56 

8.18 

0.87 

15.76 

1.18 

24.68 

1.49 

34.80 

0.26 

2.59 

0.5V 

8.40 

0.88 

16.03 

1.19 

24.99 

1.50 

35.15 

0.27 

2.75 

0.58 

8.62 

0.89 

16.30 

1.20 

25.30 

0.28 

2.91 

0.59 

8.84 

0.90 

16.57 

1.21 

25.61 

0.29 

3.07 

0.60 

9.06 

0.91 

16.84 

1.22 

25.92 

0.30 

3.23 

0.61 

9.29 

0.92 

j 17.11 

1.23 

26.23 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  WEST  BR.  LITTLE  ANTIETAM  CREEK  AT  MONT  ALTO,  FRANK- 
LIN COUNTY,  PA. 
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♦Estimated.  fWater  ttowing  over  top  of  dam:  discharge  estimated.  Vacation  periods;  no  readings  taken  on  J-aii.  1 and  2,  Aug.  20-Sept.  1,  incl.,  and  Dec. 
21-31,  incl. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  M"EST  BRANCH  LITTLE  ANTIE- 
TAM  CREEK,  AT  MONT  ALTO,  FRANKLIN  COUNTY,  PA. 


(Drainage  area  3.5  square  miles.) 


MONTH. 

• 

Discharge  in  Second-feet. 

Eun-off. 

Ma.ximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

January,  

6.70 

2.75 

4.37 

1.249 

1.348 

February,  

16.16 

2.02 

4.39 

1.254 

1.352 

March,  

t4S.OO 

5.14 

13.39 

3.826 

4.411 

April 

15.11 

5.62 

8.14 

2.326 

2.593 

May 

10.37 

4.78 

6. SI 

1.946 

2.244 

June 

6.10 

2.09 

3.01 

.860 

.960 

July 

5.05 

1.51 

1.97 

.563 

.649 

September,  

12.32 

.58 

1.67 

.477 

.515 

October 

1.63 

1.09 

1.32 

.377 

.43.5 

November,  

5.80 

.72 

1.45 

.414 

.462 

tWater  flowing  OTer  top  of  d.-im,  discharge  estimated. 

Note. — The  mean  for  January  and  September  is  for  29  days. 


MONOCACY  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Monocacj"  river,  one  of  the  largest  tributaries  of  the  Potomac 
river,  rises  in  Adams  county,  Pennsylvania,  in  two  branches;  namely. 
Rock  and  Marsh  creeks.  Rock  creek  rises  in  the  central  part  of 
Adams  count}",  in  Strabane  Towusliip,  and  flows  in  a southerly  direc- 
tion into  Maryland.  Marsli  creek  rises  in  the  western  part  of  Adams 
comity,  in  Franklin  iownsliip,  and  flows  southeasterly  to  its  con- 
fluence Avith  Rock  cieek,  about  one-qnaiter  mile  beloAA"  the  state 
line,  thus  forming  the  Monocacy  river.  Several  tributaries  joining 
the  Monocacy  rii'er,  in  Maryland,  drain  portions  of  sonthAvestern 
and  southeastern  Adams  county,  Pennsylvania ; namely,  Alleway, 
Piney  and  Middle  creeks.  The  total  drainage  area  of  the  Monocacy 
river  is  approximately  940  square  miles,  of  Avhich  231  lie  in  Penn- 
sylvania. Its  length,  below  the  confluence  of  Rock  and  Marsh  creeks, 
is  about  55  miles.  The  river  throughout  the  greater  portion  of 
its  course  floAvs  through  a rolling,  limestone  country  of  highly  cul- 
tivated farms  and  is  polluted  by  Avashings  from  tanneries  and  mills 
along  its  banks  and  its  tributaries.  The  largest  toAvns  in  its  water- 
shed are  Gettysburg,  Pennsylvania,  and  Frederick,  Md.,  the  former 
of  which  obtains  part  of  its  domestic  water  supply  from  Marsh 
creek,  while  the  latter  receives  its  domestic  Avater  supply  from  the 
parent  stream.  There  are  numerous  small  mills  on  its  tributaries 
which  are  operated  by  water  power. 


174 


The  mean  annual  precipitation  over  tliis  watershed,  in  Pennsyl- 
vania, is  from  40  to  45  inches. 

The  discharge  of  this  stream  has  been  measured  at  Frederick, 
Md.,  since  August  4th,  189G. 


POTOMAC  BASIN— STATION  NO.  2. 


MONOCACY  RIVER  AT  FREDERICK,  MARYLAND. 


DESCRIPTION  OF  STATION. 

Tins  station  was  estal)lished  on  August  4th,  1896,  by  the  United 
Htates  (leological  Survey  and  is  being  maintained  through  co-opera- 
tion witli  tlie  Maryland  State  Weather  Bureau.  It  is  located  at 
the  county  iron  biidge  on  the  turnpike  four  miles  northeast  of 
Frederick,  on  the  road  leading  from  Frederick  to  Mt.  Pleasant,  Md. 

The  channel  is  straight  for  306  feet  above  and  100  feet  below  the 
bridge.  Both  l)anks  are  low  and  liable  to  overflow,  but  all  water 
passes  beneath  the  brirlge.  The  bed  is  composed  of  gravel  and  cobble 
stones,  except  near  tbe  bank,  where  it  is  composed  of  silt  and  is 
subject  to  change. 

Discharge  measurements  are  made  from  the  two  span  highway 
bridge.  The  channel  at  this  point  is  divided  by  a small,  low  island, 
which  serves  as  a foundation  for  the  pier  of  the  bridge.  The  right 
channel  is  measured  from  the  lower  and  the  left  channel  from  the 
upper  side  of  the  bridge.  The  pier  and  island  obstruct  the  flow  to 
some  extent,  causing  dead  water  for.  20  feet  to  the  right  of  the  pier 
at  low  water  and  eddies  at  high  water.  The  initial  point  for  sound- 
ings is  a cross  cut  in  the  face  of  the  parapet  wall  on  the  lower 
wing  of  the  right  abutment. 

From  August  4th,  1896  to  September  3rd,  1902,  readings  were 
taken  on  a wire  gage  which  was  attached  to  the  floor  timbers  on  the 
lower  side  of  the  bridge,  the  imlley  being  115  feet  from  an  initial 
point  established  for  making  soundings,  and  the  length  of  wire 
given  to  be  35.20  feet.  On  September  3rd,  1902,  the  wire  gage  was 
replaced  by  a standard  chain  gage,  which  is  located  in  the  middle 
of  the  first  span  from  the  right  bank  and  is  attached  to  the  bridge 
floor  on  the  lower  side  of  the  bridge.  The  length  of  chain  from  the 
bottom  of  the  weight  to  the  marker  was  35.20  feet  but  was  sub- 
sequently changed  to  35.04  feet.  The  bench  mark  is  a hole  drilled 
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ill  the  top  of  a coping  stone  on  the  lower  wing  of  the  right  abutment, 
about  lOh  feet  back  from  the  initial  i)oint  for  souiulings.  Its  eleva- 
tion is  -!).17  feet  above  gage  datum.  The  gage  is  read  twice  daily 
by  E.  L.  Derr. 

The  discharge  is  liable  to  be  affected  by  ice  conditions,  more  or 
less,  during  the  winter  months.  Israel  creek  enters  the  river  about 
2,000  feet  below  the  station  and  Tuscarora  creek  about  3,000  feet 
above.  All  data  prior  to  January  1st,  1003,  when  the  wire  gage  was 
in  operation,  have  been  revised. 

Owing  to  the  change  in  channel  conditions  at  this  station,  it  has 
been  necessary  to  use  several  rating  tables. 

Since  the  establishment  of  tliis  station,  39  discharge  measure- 
ments have  been  made. 

The  following  data  have  been  furnished  by  the  United  States  Geo- 
logical Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
report  of  the  Water  Supply  Commissiou. 
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DISCHARGE  MEASUREMENTS  OP  MONOCACY  RIVER,  AT  FREDERICK 

MARYLAND. 

(Drainage  area  660  square  miles.) 


No. 

Date. 

Hyclrographer. 

Width. 

; Area  of  section. 

Mean  velocity. 

JS 

*2) 

iD 

tS) 

a 

O 

Discharge. 

Remarks. 

1913. 

Feet. 

Sq.  ft. 

Ft. 

per 

sec. 

Feet. 

Sec.  ft. 

37 

Aug. 

14, 

Padgett  & Batch- 
elder. 

132 

175 

0.95 

9.99 

166 

0.6  method. 

38 

Aug. 

28, 

Stevens 

76 

63 

1.20 

3.67 

76 

Wading  msmt.  above 
bridge. 

39 

Aug.  28, 

Stevens 

84 

59 

1.29 

3.67 

76 

Wading  msmt.  below 
bridge. 

DISCHARGE  TABLE  FOR  MONOCACY  RIVER,  AT  FREDERICK,  MD., 

FROM  JANUARY  1,  1912. 


Gage  height. 

Discharge. 

Gage  height. 

d 

tuo 

u 

w 

5 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

3.40 

32 

.40 

734 

.40 

2190 

.40 

4060 

.40 

6010 

.50 

45 

.50 

790 

.50 

2280 

.50 

4155 

.50 

6110 

.60 

62 

.60 

846 

.60 

2370 

.60 

4250 

.60 

6210 

.70 

82 

.70 

904 

.70 

2460 

.70 

4345 

.70 

6310 

.80 

104 

.80 

964 

.80 

2550 

.80 

4440 

.80 

6410 

.90 

130 

.90 

1026 

.90 

2640 

.90 

4535 

.90 

6510 

4.00 

158 

6.00 

1090 

8.00 

2730 

10.00 

4630 

12.00 

6610 

.10 

188 

.10 

1155 

.10 

2825 

.10 

4725 

.10 

6710 

.20 

218 

.20 

1225 

.20 

2920 

.20 

4820 

.20 

6810 

.30 

250 

.30 

12K 

.30 

3015 

.30 

4915 

.30 

6915 

.40 

284 

.40 

1365 

.40 

3110 

.40 

5010 

.40 

7020 

50 

320 

.50 

1440 

.50 

3205 

.50 

5110 

.50 

7125 

.60 

358 

.60 

1520 

.60 

3300 

.60 

5210 

.60 

7230 

.70 

398 

.70 

1600 

.70 

3395 

.70 

5310 

.70 

7335 

.80 

440 

.80 

1680 

.80 

3490 

.80 

5410 

.80 

7440 

.90 

484 

.90 

1765 

.90 

3585 

.90 

5510 

.90 

7545 

5.00 

530 

7.00 

1850 

9.00 

3680 

U.OO 

5610 

13.00 

7650 

.10 

578 

.10 

1935 

.10 

3775 

.10 

5710 

.20 

628 

.20 

2020 

.20 

3870 

.20 

5810 

.30 

680 

.30 

2105 

.30 

3965 

.30 

5910 

Npjg  table  is  only  applicable  subsequent  to  Jan.  1,  1912,  and  is  based  on  3 low  water 

discharge  measurements  made  during  1913,  together  with  former  curve. 


DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OP  MONOOACY  RIVER  AT  FREDERICK,  MD. 
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Note.— Jan.  7 to  27,  anil  Feb.  6 to  17,  incl.,  river  frozen.  Discharge  estiniateil. 
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EvSTIMATEU  MONTtILT  DISCHARGE  OF  MONOCACY  RIVER,  AT 

FREDERICK,  MD. 

(Draimuje  area  060  square  miles.) 


Discharge  in  Second-feet. 

Ivun-oU. 

MUNTII. 

Maximuin. 

Minimum. 

Mean. 

Second-feet 
X)er  square 
mile. 

Depth  in 
inches. 

1912. 

January.  

4160 

790 

1010 

1.53 

1.76 

February 

13400 

G28 

2230 

3.38 

3.64 

March,  

14400 

790 

4070 

6.17 

7.11 

April,  

3200 

790 

1510 

2.29 

2.56 

May 

2280 

440 

924 

1.40 

1.61 

June,  

2460 

320 

508 

.770 

.86 

July 

3300 

250 

661 

1.00 

1.15 

Aim^ust 

3780 

250 

577 

.874 

1.01 

Seiitember 

17800 

158 

1550 

2.35 

2.62 

October 

1300 

284 

454 

.688 

.79 

November,  

2280 

284 

451 

.683 

.76 

Deoumber,  

9700 

250 

1060 

1.61 

1.86 

The  year 

17SOO 

158 

1250 

1.89 

25.73 

Note. — Jau.  7 to  17,  and  Feb.  6 to 

17,  incl.,  river  frozen. 

Discharge 

estimated. 

OHIO  BASIN 
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GAGING  STATIONS  IN  OHIO  BASIN. 
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ALLEGHENY  RIVER. 


DESCRIPTION  OP  BASIN. 

The  Allegheny  liver,  the  largest  tributary  of  the  Oliio  river  in 
Pennsylvania,  draining  11,1()0  square  miles  in  Pennsylvania  and 
New  York,  rises  in  the  liilly  jilateau  on  the  west  slope  of  the  Alle- 
gheny mountains  in  northwestern  I’ennsylvania,  at  an  elevation  of 
about  2,250  feet  aliove  sea  level.  Its  tributaries  drain  the  west  slope 
of  these  mountains  from  Somerset  countjq  near  the  southern  bound- 
ary, through  the  Couemaugh  river,  to  the  extreme  northern  boundary, 
and  westward  nearly  to  the  Ohio  line  through  Oil  and  French  creeks. 

Its  actual  source  is  in  I’otter  county,  in  about  the  center  of  the 
northern  boi-der  of  the  State,  whence  it  Hows  northwesterly  for 
about  SO  miles  into  New  A^ork,  tluaice  about  120  miles  southwest- 
erly into  Penusylvauia  again,  -17  miles  being  in  Nerv  York.  From 
this  i)oiut  it  is  110  miles  to  the  mouth,  its  junction  with  the  Mouon-, 
gahela  river  at  Pittsburgh,  where  the  Ohio  river  is  formed;  the  total 
length  of  the  river  being  MIO  miles. 

In  Potter  and  M(dvean  counties  the  liver  and  its  tributaries  are 
small  mountain  sti earns,  in  well  wooded,  steej*  valleys,  and  a sparsely 
inhabited  legion.  In  New  York  the  main  valley  is  wide  and  flat, 
the  slope  slight  and  the  land  under  a high  state  of  cultivation,  and 
thickly  jiojnilated.  Coming  back  into  I’ennsylvania  the  hills  con- 
verge, the  valley  narrowing  and  the  slope  is  steeper.  The  population 
again  becomes  scattered,  the  triluitaiy  valleys  well  wooded,  and  the 
bordering  hills  are  high  and  timbered.  The  larger  tributaries,  how- 
ever, contain  large  areas  of  cleared,  cultivated  land,  notably  those 
from  the  west. 

The  lower  150  miles  is  more  densely  populated,  many  railroads  and 
large  toAvns  and  thriving  industries  bordering  its  banks,  and  using 
its  waters.  For  25  miles  above  Pittsburgh  the  river  has  been  slack- 
watered  by  three  dams  and  the  baidcs  are  almost  continuously  popu- 
lated. 

For  the  upper  30  miles,  the  slope  is  27  feet  per  mile,  the  next  65 
miles,  2.4  feet  per  mile,  the  next  87  miles,  3.7  feet  per  mile,  and  the 
lower  126  miles,  2.1  feet  per  mile. 

In  the  first  115  miles  of  its  length  the  river  bed  consists  mostly 
of  fine  sand  and  gravel,  much  of  it  lying  above  the  terminal  morain; 
from  this  point,  however,  the  bottom  changes  to  loose  stones  and 
boulders,  riffles  occur  frequently,  l)ut  seldom  is  solid  rock  in  evi- 
dence. 
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The  largest  trilnitai-}',  the  Kiskiininetas  river,  draining  1,81)2  square 
miles,  comes  in  25  miles  above  tlie  junction  of  the  Monongahela  and 
AllegheuT  rivers,  no  sti  earns  of  importance  joining  it  bet'ween.  From 
that  point  up  many  large  tributaries  come  in,  mostly  from  tlie  east, 
as  follows;  Crooked,  Mahoning  and  Eed  Bank  creeks.  Clarion  river, 
French,  Oil,  Tionesta,  Brokenstraw,  Conewango  and  Kinzna  creeks, 
several  of  which  diain  over  1,000  square  miles.  Those  from  the  west, 
French,  Oil,  Brokenstiaw  and  Conewango  drain  the  glaciated  area, 
containing  rounded  gravel  hills  and  nnmerous  lakes  and  swamps, 
little  timber  and  their  watersheds  are  quite  generally  cultivated. 
Those  from  the  east  diain  a mountainous,  timbered  and  less  inhabited 
and  cultivated  country. 

The  drainage  basin  is  about  121  miles  iu  extreme  width  and  175 
miles  in  lengtli.  much  narrower  at  its  southern  point,  and  its  great- 
est width  is  at  the  Pennsylvania-New  York  State  line. 

The  basin  embraces  widely  varying  toiiographic  conditions,  rang- 
ing from  high,  rongh  mountainous  country  along  the  east  boundary, 
to  broad,  terraced  valleys  with  wide  bottom  lands  in  New  York  State. 
In  it  are  included  tlie  oil  and  gas  ])roducing  regions,  vast  bituminons 
coal  fields,  much  of  the  remaining  merchantable  timber  and  many 
other  valuable  natural  resources. 

Most  of  this  basin  lies  in  the  zone  of  10  to  15  inch  rainfall,  while 
a small  portion  along  the  southwestern  part  is  subject  to  15  to  50 
inch  rainfall,  and  another  small  section  near  the  mouth  to  from  35 
to  10  inches. 

The  flow  is  measured  at  Kittanning,  18  miles  above  Pittsburgh, 
and  at  Eed  House,  New  York,  since  August  18,  1901,  and  September 
1,  1903,  respectively. 


OHIO  BASIN— STATION  NO.  1. 


ALLEGHENY  RIVER  AT  RED  HOUSE,  NEW  YORK. 


DESCRIPTION  OF  STATION. 

This  station  Avas  established  by  the  United  States  Geological  Sur- 
vey on  September  1th,  1903,  on  the  Eed  House  bridge,  near  the  sta- 
tion of  the  Erie  and  Pennsylvania  railroads  and  about  five  miles  be- 
low Salamanca,  N.  Y.,  about  13  miles  above  the  j)oint  tvhei'e  tlie  river 
leaves  New  York  State.  It  is  maintained  by  the  United  States  Geo- 
logical Survey  in  co-operation  with  the  New  York  State  Engineer. 
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Tlie  cliainiel  is  stiaijihl  for  800  feet  above  and  below  the  station,  it 
being  401  feet  wide  t)etween  abntnients,  broken  by  two  piers.  The 
right  baidc  is  high  and  does  not  overflew,  wliile  the  left  bank  over- 
llows  only  at  flood  stages.  At  extreme  high  Avater  tliere  is  an  addi- 
tional Hood  channel  on  the  left  bank.  The  bed  is  of  gravel  and  is 
regular,  and  the  enrrent  velocity  is  Avell  distributed. 

Discharge  measuienients  are  made  from  the  doAvnstream  side  of 
the  bridge,  the  initial  point  for  sonndings  being  the  left  end  of  the 
doAvnstream  side  of  the  bridge. 

A standard  chain  gage  is  fastened  to  the  upstream  side  of  the 
bridge  in  tlie  middle  of  tlie  left  si)an.  The  length  of  chain  from  the 
bottom  of  the  Aveight  to  the  marker  is  24.1(i  feet.  The  bench  mark 
is  a circle  cut  on  the  doAvnstieam  side  of  the  left  abutment;  elevation 
21.00  feet  above  the  datum  of  the  gage.  TJie  gage  is  read  tAvice  each 
day  by  O.  A.  (fates. 

At  (Jlean,  N.  Y.,  the  AvasteAvav  from  the  Cuba  reservoir  enters 
the  stream  thiough  Olean  cieek.  This  reservoir  is  located  on  the 
divide  betAveen  Dil  creek,  tiibutaiw  to  Allegheny  river,  and  Genessee 
i-iver.  The  storage  is  commonlA"  turned  into  Genessee  river  through 
the  abandoned  summit  level  of  Genessee  Valley  Canal,  but  may 
be  diverted  into  Gil  creek  through  the  guard  locks  at  the  head  of 
the  canal.  jModei  ate  ice  conditions  usnally  prevail  during  the  winter 
months. 

The  folloAving  data  have  been  furnished  by  the  United  States  Geo- 
logical Survey.  The  data  prior  to  1012  Avill  be  found  in  the  1010-11 
report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  ALLEGHENY  RIVER,  AT  RED 

HOUSE,  NEW  YORK. 

(Drainage  area  l,6'i0  square  miles.) 


No. 

Date. 

Hydrographer. 

1 

j Width. 

Area  of  section. 

Mean  velocity. 

Gage  heights. 

Discharge. 

Remarks. 

28 

1912. 

Feb.  15, 

DeGolyer,  

Feet. 

375 

Sq.  ft. 

SOS 

Ft. 

per 

sec. 

0.63 

Feet. 

4.37 

Sec.  ft. 

509 

Msmt.  under  complete 

29 

July  15, 

Weber,  

327 

1040 

0.52 

3.30 

542 

ice  cover  0.2  and  0.8 
method. 

0.2  and  O.S  method. 

30 

Dec.  6, 

DeGolyer,  

351 

1970 

3.38 

6.6V 

6670 

0.2  and  0.8  method. 

31 

Dec.  6, 

DeGolyer,  

331 

1990 

3.61 

6.72 

7190 

0.2  and  0.8  method. 

DISCHARGE  TABLE  FOR  ALLEGHENY  RIVER,  AT  RED  HOUSE,  NEW 

YORK,  FOR  1912. 


Gage  height. 

1 

aj 

■ y 

c3 

Vi 

A 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

See. -ft. 

Feet. 

Sec. -ft. 

2.40 

41 

.50 

2000 

.60 

6780 

.70 

14550 

.80 

25100 

.50 

70 

.60 

2160 

.70 

7080 

.80 

15000 

.90 

25650 

.60 

106 

.70 

2320 

.80 

7390 

.90 

15450 

11.00 

26200 

.70 

150 

.80 

2490 

.90 

7720 

9.00 

15900 

.10 

26750 

.80 

200 

.90 

2670 

7.00 

8050 

.10 

16350 

.20 

27300 

.90 

256 

5.00 

2860 

.10 

8400 

.20 

16800 

.30 

27850 

3.00 

318 

.10 

3060 

.20 

8750 

.30 

17300 

.40 

' 28400 

.10 

386 

.20 

3260 

.30 

9100 

.40 

17800 

.50 

28950 

.20 

460 

.30 

3470 

.40 

9450 

.50 

18300 

.60 

29500 

.30 

540 

.40 

3690 

.50 

9800 

.60 

18800 

.70 

30050 

.40 

626 

.50 

3910 

.60 

10150 

.70 

19300 

.80 

30600 

.50 

722 

.60 

4140 

.70 

10500 

.80 

19800 

.90 

31200 

.60 

828 

.70 

4370 

.80 

10850 

.90 

20300 

12.00 

31800 

.70 

940 

.80 

4610 

.90 

11250 

10.00 

20S0O 

.10 

32400 

.80 

1060 

.90 

4850 

8.00 

11650 

.10 

21300 

.20 

33000 

.90 

1180 

6.00 

5100 

.10 

12050 

.20 

21800 

.30 

33600 

4.00 

1305 

.10 

5360 

.20 

12450 

.30 

22350 

.40 

34200 

.10 

1435 

.20 

5630 

.30 

12850 

.40 

22900 

.50 

34806 

.20 

1570 

.30 

5910 

.40 

13250 

.50 

23450 

.30 

1710 

.40 

6190 

.50 

13650 

.60 

24000 

.40 

1S50 

.50 

6480 

.60 

14100 

.70 

24550 

Note. — This  table  is  only  annlicable  subsequent  to  Tan.  1,  1912,  and  is  based  on  seven  discharge 
measurements  made  during  1912-lT,  and  somewhat  on  three  measurements  made  during  1908-09-10. 


DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  AI.LEGHENY  RIVER  AT  RED  HOUSE, 
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Note. — Jan.  4 to  Mar.  16,  incl.,  frozen  and  discharge  estimated. 
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ESTIMATED  MCiXTHLY  DISCIIAIiGE  OF  ALLEGHENY  KIYEK,  AT  RED 

HOUSE,  NEW  YORK. 

(Drainage  area  l,6.'i0  square  miles.) 


Discharge  in  Second-feet. 

Run-off. 

MONTH. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

January,  

4310 

800 

1610 

0.982 

1.130 

February,  

800 

500 

554 

0.338 

0.360 

March 

19SOO 

470 

5520 

3.370 

3.880 

April 

26200 

2S60 

9480 

5.780 

6.450 

Mar,  

8750 

1180 

3240 

1.9S0 

2.280 

June,  

1120 

256 

497 

0.303 

0.340 

Jul.v,  

lOOO 

256 

480 

0.293 

0.340 

August,  

1850 

352 

't6o 

0.466 

0.540 

September,  

6780 

1180 

2520 

1.540 

1.720 

October,  

5630 

828 

2070 

1.260 

1.450 

NoYember,  

4850 

1180 

2550 

1.550 

1.730 

December 

7720 

1300 

3020 

1.840 

2.120 

The  year,  

26200 

256 

2690 

1.642 

22.340 

Note. — Jan.  4 to  March  16,  inch,  frozen  and  discharge  estimated. 


CONEWANGO  CREEK. 


DESCRIPTION  OF  BASIN. 

Coiiewaiigo  creek  is  one  of  the  largest  tributaries  of  the  Allegheny 
river,  draining  a total  area  of  approximately  825  square  miles,  688 
of  wliicli  lie  in  New  York  State.  Rising  in  the  western  part  of  Cal- 
laiagns  county,  N.  Y.,  it  flows  southwardlj'  across  the  New  York- 
Renusylvania  State  line,  in  Warren  county,  about  10  miles  west  of 
where  the  Allegheny  river  crosses.  Its  source  and  all  of  its  basin  lie 
in  the  once  glaciated  region,  abounding  in  lakes,  ponds  and  marshes, 
the  country  being  rolling  and  largely  deforested,  under  cultivation 
and  well  inhabited.  The  valleys  are  broad  and  flat.  The  Chaut- 
auqua Lake  in  New  York,  lies  on  a tributary  of  Cassadoga  creek,  and 
below  its  junction  the  valley  is  particularly  flat,  and  the  stream 
very  sluggish. 

The  mean  annual  precipitation  over  this  water  shed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  October,  1000,  at  Frews- 
burg.  New  York. 
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OHIO  BASIN-  STATION  NO.  2. 


CONEWANGO  CREEK  AT  FREWSBURG,  NEW  YORK. 


DESI'RIPTION  OF  STATION. 

Tliis  station  was  established  by  the  Water  Su])p]y  Commission  of 
I’ennsylvania,  in  co-opeiation  with  the  Flood  Commission  of  Pitts- 
bingli,  on  October  25tli,  1!»09,  at  Whitman’s  bridge,  one  mile  above 
Fi  ewsbnrg  and  18  miles  above  the  month. 

The  channel  is  straight  for  75  feet  above  the  station,  when  it  makes 
a bend  to  the  left,  while  the  channel  below  the  station  is  straight 
for  COO  feet.  The  right  bank  is  wide,  low  meadow  land  and  overflows 
at  high  stages.  The  left  baidv  is  a railroad  embankment  and  does  not 
overflow.  The  bed  is  of  clay  and  gravel  and  is  somewhat  shifting. 

( )n  the  riglit  bank  a one  linndred  foot  trestle  approach  to  the  railroad 
biidge  ])asses  water  aionnd  that  end  during  floods,  while  other  flood 
waters  get  through  a culvert,  on  the  right  bank  some  distance  from 
the  bridge,  where  it  is  measured. 

Discliarge  measurements  are  made  from  the  downstream  side  of 
ilie  higliway  bridge  and  from  the  railroad  bridge  75  feet  below  dur- 
ing extreme  floods.  The  initial  point  for  soundings  on  the  highway 
l)iidge  is  center  of  liand-rail  post,  left  end  of  lu-idge,  looking  down- 
stream. 

A cliain  gage  is  attached  on  the  railroad  biidge  near  the  left  bank. 
The  boigtli  of  ohain  fiom  the  bottom  of  the  weiglit  to  tlie  center  of 
tlie  marker  is  22.70  feet.  The  elevation  of  zero  is  arbitrary  datum. 
Bench  Mark  No.  1 is  the  outer  downstream  corner  of  coping  stone  of 
left  abutment,  downstream  wing  wall;  elevation  19.87  feet  above  gage 
datum.  The  gage  is  read  twice  daily  by  Lester  Hobart. 

On  account  of  slack  water  from  numerous  mill  dams  there  is  no 
point  on  the  stream  nearer  the  mouth  where  a gaging  station  is 
available. 

Since  the  establishment  of  this  station,  twelve  discharge  measure- 
ments have  been  made.  Owing  to  an  insufficient  number  of  dis- 
charge measurements,  no  rating  curve  has  been  computed,  and  only 
the  discharge  measurements  and  gage  heights  have  been  published. 
Tlie  data  prior  to  1912  will  be  found  in  the  1910-11  report  of  the 
Water  Supjdy  Commission. 
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DISCHARGE  MEASUREMENTS  OF  CONEWANGO  CREEK,  AT  FREWS- 
BURG,  CHAUTAUQUA  COUNTY,  N.  Y. 

(Drainage  area  690  square  miles.) 


No. 

Date. 

Hydrographer 

Width. 

1 

Area  of  section. 

Mean  velocity. 

‘Z 

o 

O 

Z 

a 

"Z 

V. 

Eemarks. 

Ft. 

Feet. 

Sq.  ft. 

per 

Feet. 

Sec.  ft. 

1913. 

.sec. 

12 

Mar.  30, 

Boehringer  & 

170 

25S] 

3.28 

13.  S3 

8462 

Surface  measurement. 

Knight. 

DAILY  MEAN  GAGE  HEIGHTS  OP  CONEWANGO  CREEK  AT  FREWSBURG,  CHAUTAUQUA  COUNTY, 
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KINZUA  CREEK. 


DESCRIPTION  OF  BASIN. 

Kiiizna  cieek,  a tiibutaiT  of  llie  Allegheny  rivei'  in  Warren  county, 
drain  an  area  of  approximately  one  linndred  and  eighty  square  miles. 
Rising  in  the  center  of  ^IcKean  counW,  it  follows  a general  westerly 
direction  through  a rough,  sparsely  settled  area,  covered  partly  with 
second  growth  timber,  and  very  little  farming  being  carried  on  along 
its  couise,  to  its  mouth  at  Kinzua,  Warreu  county,  a distance  of 
abont  o.l  miles.  The  slo]:e  is  steep  and  in  general  the  stream  flows 
in  a deep,  nariow  valley  between  high  mountain  ridges.  Of  the 
many  tributaiies,  the  piincii)al  one  is  the  South  Branch.  The  head- 
waters of  one  of  its  tributaries  are  used  for  a water  supply.  The 
mean  annual  pi  eciiutation  over  this  watershed  is  from  40  to  4.o 
inches. 

The  discharge  has  been  measured  since  October  23,  1909,  at  Dew- 
drop,  approximate!}'  three  miles  above  the  mouth. 


OHIO  BASIN— STATION  NO.  3. 


KINZUA  CREEK  AT  DEWDROP,  PENNA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  October  23,  1909,  by  the  Water 
Supply  Commission  of  Pennsylvania,  in  co-o]ieration  with  the  Flood 
Commission  of  Pittsburgh,  and  was  discontinued  November  20th, 
1911.  It  was  re-established  by  the  Water  Supply  Commission  on 
July  22,  1912.  It  is  located  on  a single  span,  steel,  through  truss, 
highway  bridge,  three  miles  above  the  mouth. 

The  channel  is  straight  for  300  feet  above  and  000  feet  below. 
Both  banks  overflow  at  extreme  high  stages,  low  fields  lying  on  either 
side.  The  bed  of  the  stream  is  composed  of  rock  and  gravel  and  fairly 
permanent;  good  velocity  with  eddy  at  right  bank  during  normal 
stages. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  top  edge  of  left 
bridge  seat,  the  stations  being  ]»ainted  on  the  downstream  handrail. 
A chain  gage,  with  detached  box,  is  fastened  to  the  dowiistream  side 
of  the  bridge,  near  left  bank.  The  length  of  chain  from  bottom  of 
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weight  to  marker  is  12.99  feet.  The  elevation  of  zero  is  arbitrary 
datum.  Bench  Mark  No.  1 is  outer  downstream  corner  of  coping- 
on  left  abutment,  elevation  10.95  feet  above  gage  datum.  Bench 
Mark  No.  2 is  a s(piare  cut  in  stone  on  top  of  downstream  end  of 
right  bridge  seat,  elevation  10.92  feet  above  gage  datum.  The  gage 
is  lead  once  daily,  except  Sundays,  by  C.  E.  Morrison. 

Since  the  establishment  of  this  station,  16  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
leport  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OP  KINZUA  CREEK,  AT  DEWDROP, 

WARREN  COUNTY,  PA. 

(Drainage  area  171  square  miles.) 


No. 

Date. 

Hydrographer. 

Width. 

Area  of  section. 

Mean  veoeity. 

Gage  height. 

Discharge. 

Remarks. 

1913. 

Feet. 

Sq.  ft. 

Ft. 

per 

sec. 

Feet. 

See.  ft. 

15 

Mar.  31, 

Boehriuger  & 
Knight. 

;98 

368 

2.9C 

3.77 

1091 

0.2  and  0.8  msmt. 

16 

Mar.  31, 

r>  o e ii  !■  i n g e r &■ 
Knight. 

98 

368 

3.04 

3.77 

1118 

Surface  msmt. 

DISCHARGE  TABLE  FOR  KINZUA  CREEK,  AT  DEWDROP,  WARREN 
COUNTY,  FROM  JULY  22,  1912. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

6 

C3 

O 

VI 

S 

j 

Gage  height. 

Discharge. 

Feet. 

Sec. -ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

0.00 

5 

.70 

210 

.40 

904 

.10 

2084 

.80 

3629 

.10 

9 

.80 

238 

.50 

959 

.20 

2169 

.90 

3724 

.20 

13 

.90 

270 

.60 

1014 

,30 

2254 

7.00 

3819 

.30 

18 

2.00 

302 

.70 

1069 

.40 

2339 

.10 

3914 

.40 

24 

.10 

334 

.80 

1129 

.50 

2429 

.20 

4009 

.50 

30 

.20 

370 

.90 

1189 

.60 

2519 

.30 

4104 

.60 

38 

.30 

408 

4.00 

1254 

.70 

2609 

.40 

4199 

.70 

46 

.40 

446 

.10 

1319 

.80 

2699 

.50 

4299 

.80 

56 

.50 

48S 

.20 

1384 

.90 

2789 

.60 

4399 

.90 

66 

.60 

530 

.30 

1454 

G.OO 

2879 

.70 

4499 

1.00 

78 

.70 

672 

.40 

1524 

.10 

2969 

.80 

4604 

.10 

92 

.80 

018 

.50 

1599 

.20 

3059 

.90 

4714 

.20 

108 

.90 

664 

.60 

1674 

.30 

3154 

8.00 

4824 

.30 

126 

3.00 

710 

.70 

1754 

.40 

3249 

.40 

144 

.10 

756 

.80 

1834 

.50 

3344 

.50 

164 

.20 

804 

.90 

1914 

.60 

3439 

.60 

186 

.30 

854 

5.00 

1999 

.70 

3534 

Note. — This  table  is  only  applic.able  subsequent  to  Jan.  1,  1912,  and  is  based  on  4 discharge 
measurements  made  during  1911-1912-1913,  together  with  former  curve. 
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DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  KINZUA  CREEK 
AT  DEWDROP,  WARREN  COUNTY,  PA. 


1912. 

JULY. 

AUG. 

SEPT. 

OCT. 

NOV. 

DEC. 

DAY. 

G.  H. 

Dis. 

G.  H. 

Dis. 

G.  U. 

Dis. 

G.H. 

Dis. 

G.  H. 

Dis. 

G.H. 

Dis. 

1 

1.00 

78 

2.00 

302 

2.40 

446 

al98 

2^ 

0.98 

76 

aSOO 

1.90 

270 

2.30 

408 

3.30 

854 

3,  

1.45 

154 

3.50 

9.-9 

1.82 

244 

a355 

3.06 

733 

4 

all6 

3.05 

733 

l.SO 

238 

2.00 

302 

2.50 

488 

5,  

1.00 

7S 

2.75 

595 

1.70 

210 

1.95 

286 

245 

467 

6 



0.95 

72 

3.10 

756 

al98 

1.85 

254 

3.20 

804 

7,  



9.  so 

66 

2.50 

488 

1.60 

186 

2.25 

389 

2.80 

618 

8 

0.90 

a ill 

1.50 

164 

2.30 

408 

a542 

9;  



0.90 

66 

2.10 

334 

1.50 

164 

2.30 

408 

2.45 

467 

10 

0.98 

76 

1.95 

286 

1.60 

186 

a3S9 

2.40 

446 

11 



a92 

1.80 

238 

1.85 

254 

2.20 

370 

2.28 

400 

12.  



i.20 

108 

1.80 

238 

1.70 

210 

2.19 

366 

2.15 

352 

13 

1.00 

78 

1.70 

210 

alS7 

2.15 

352 

2.00 

302 

14 

1.10 

92 

1.65 

198 

1.50 

164 

2.20 

370 

2.00 

302 

0.90 

66 

al90 

1.50 

164 

2.05 

318 

a294 

16 



O.So 

'61 

2.80 

618 

1.45 

154 

2.00 

302 

1.95 

286 

17,  

o.so 

56 

2.20 

370 

1.43 

150 

a286 

1.88 

264 

18 



aSOO 

2.20 

370 

1.40 

144 

1.90 

270 

1.85 

254 

19 

2.60 

0O2 

2.00 

302 

1.75 

224 

1.82 

244 

1.90 

270 

20.  



1.67 

202 

1.85 

254 

al94 

1.81 

241 

1.80 

238 

21,  

1.60 

1S6 

1.70 

210 

1 50 

164 

l.SO 

238 

1.75 

224 

22 

1.09 

91 

1.50 

164 

a200 

1.60 

186 

1.75 

224 

al94 

23;  

1.00 

78 

1.80 

238 

1.80 

238 

4 70 

1750 

1.70 

210 

1.50 

164 

24,  

1.10 

92 

1.7.5 

224 

1.90' 

270 

3.20 

804 

a217 

1.70 

210 

25 

1.22 

112 

a356 

2.00 

302 

3 22 

814 

1.75 

224 

1.68 

20q 

26 

1.07 

8S 

2.50 

488 

1.85 

254 

2 95 

687 

1.70 

210 

1.50 

164 

27,  

1.01 

79 

3.80 

1130 

2.30 

408 

a60« 

1.65 

198 

1.60 

186 

28 

a79 

2.60 

530 

2.00 

302 

2.60 

530 

al92 

l.CO 

186 

29 

1.01 

79 

3.99 

1250 

aSOl 

2.50 

488 

1.60 

186 

a200 

zo',  

0.99 

77 

2.90 

664 

1.99 

299 

2.40 

446 

1.65 

198 

2.22 

378 

31 

0.99 

77 

2.50 

488 

2 20 

370 

2.50 

488 

a Discharge  estimated. 


ESTIMATED  MONTHLY  DISCHARGE  OP  KINZUA  CREEK,  AT  DEW- 

DROP,  WARREN  COUNTY. 

(Drainage  area  171  square  miles.) 


Discharge  in  Second-feet. 

Run-off. 

MONTH. 

Ma.ximum. 

Minimum. 

Moan. 

Second-feet 
oer  square 
mile. 

Depth  in 
inches. 

1912. 

August 

12.30 

56 

256 

1.497 

1.726 

September,  

959 

190 

396 

2.316 

2.584 

October 

1750 

144 

350 

2.047 

2.360 

November,  

446 

186 

295 

1.725 

1.924 

December 

854 

164 

361 

2.111 

2.434 

13 
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BROKENSTRAW  CREEK. 


Dl'^SCKIPTION  OF  FASIN. 

Bvokeiistraw  oi  eek.  a tiibutary  of  the  Alleglteny  i iver,  drains  an 
area  of  a]»])r()xiniately  824  .s<ina]e  miles,  70  of  Avkieli  lie  in  New  Amrk 
vState.  Rising  in  Cliatanqna  oonnty,  New  York,  abont  five  miles 
north  of  the  Rennsylvania  State  line,  it  hows  in  a general  southerly 
direction  and  enters  Erie  county,  Ra.,  near  its  northeastern  corner, 
and  tnrning  sontheasterly  ])asses  into  and  through  Warren  county 
to  its  mouth  at  Irvineton,  a distance  of  ahout  85  miles.  This  stream 
flows  throngh  a rolling,  agricnltural  country,  bordered  by  a wide 
valley,  sparsely  settled  and  considerably  deforested.  A few  bor- 
oughs lie  in  the  l)asin,  and  some  farming  villages.  The  flow  of  this 
stream  is  not  rai»id,  the  source  lying  at  an  elevation  of  1,720  feet, 
and  file  mouth  at  1,140  feet,  the  average  slope  per  mile  being  10  feet 
from  the  New  York  State  line  thiongh  Pennsylvania  to  its  mouth. 
The  upiier  waterslied  lies  within  the  glacial  area.  There  are  many 
trihutai  ies.  Little  Brokenstraw  l)eing  the  largest,  and  on  the  head- 
waters theie  are  a few  lakes,  ]»onds  and  swamps.  Tt  is  not  used  for 
water  su])]dy  and  very  little  power  has  been  develo])ed. 

The  mean  annual  ])recipitatif)n  over  tliis  watershed  is  from  40  to 
45  inches. 

The  discharge  of  this  creek  has  lieen  measured  since  October  22, 
1909,  at  Youngsville,  Warren  county,  apju'oxiniately  3 miles  above  its 
month. 


OHIO  F.ASIN—STATION  NO.  4. 


BROKENSTRAW  CREEK  AT  YOUNGSVILLE,  PENNA. 


DESORTPTION  OP  STATION. 

This  station  was  established  on  October  22nd,  1909,  by  the  Water 
Supply  Commission  of  Pennsylvania,  in  co-operation  with  the  Flood 
Commission  of  Pittslmrgh,  and  is  located  on  a single  span,  steel, 
through-truss,  highway  and  trolley  bridge,  at  Y^oungsville,  Warren 
Co.,  about  3 miles  above  the  mouth  of  the  creek. 

The  channel  above  the  station  curves  gradually  to  the  right,  look- 
ing up-stream,  with  a riffle  about  300  feet  above  the  bridge,  while 
below  the  station  the  channel  is  straight  for  1,000  feet,  with  a riffle 
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400  feet  below  the  bridge.  The  right  bank  is  high  and  does  not  over- 
flow, while  the  left  bank  overflows  for  a short  distance  nnder  ap- 
proach trestle  at  high  stages.  The  bed  of  the  creek  is  composed  of 
clay  and  gravel,  and  is  fairly  permanent.  The  channel  at  this  sec- 
tion is  deep  and  qniet,  and  the  flow  mostly  at  right  side  in  low 
stages. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge  dnring  medium  and  high  stages,  and  by  wading  at  low 
stages.  The  initial  point  for  soundings  is  top  edge  bridge  seat,  right 
abntment. 

A 14-foot  staff  gage,  graduated  in  feet  and  tenths,  was  spiked  to 
a large  pile  on  left  bank,  just  above  the  bridge,  but  was  subsequently 
removed  to  the  right  abutment,  downstream  side,  where  it  is  at 
present  located.  Bench  Maik  Iso.  1 is  ring  cut  in  toj)  of  upstream 
corner  of  right  abutment  on  the  outer  edge  near  the  date  1891  cut 
in  stone;  elevation  12.42  feet  above  zero  of  gage,  which  is  arbitrary 
datum.  The  gage  is  read  twice  daily  by  W.  F.  Schnell,  Youngsville, 
Pa. 

Since  the  establishment  of  this  station,  16  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission  of  Pennsylvania. 
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DISCHARGE  jMEASUREMENTS  OF  BROKENSTRAW  CREEK,  AT 
YOUNGSVIEI.E,  WARREN  COUNTY,  PA. 

(Orainagc  area  200  square  miles.) 


No. 

Date. 

Hydrograpber. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Feet . 

S(l.  ft. 

per 

Feet. 

See.  ft. 

1913. 

sec. 

15 

Mar.  28, 

Ryder 

133 

1137 

4.04 

6.18 

4598 

Surface  msmt. 

16 

Mar.  29, 

B o e li  r i n g e r & 

128 

S46 

2.74 

3.93 

2319 

0.2  and  0.8  msmt. 

Knight. 

DISCHARGE  TABLE  FOR  BROKENSTRAW  CREEK,  AT  YOUNGSVILLE, 
AVARREN  COUNTY,  FROM  OCT.  31,  1909. 


1 

Gage  height. 

Discharge.  j 

I 

Gage  height.  j 

Discharge. 

Gage  height. 

1 

Discharge. 

Gage  height. 

Discharge. 

1 Gage  height. 

i 

j Discharge. 

Feet. 

Sec. -ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

0 OO 

50 

.70 

485 

.40 

1650 

.10 

3070 

.80 

5150 

10 

62 

.80 

540 

.50 

1725 

.20 

3160 

.90 

5320 

20 

75 

.90 

600 

.60 

1800 

.30 

3250 

7.00 

5490 

30 

88 

2.00 

660 

.70 

1875 

.40 

3340 

.10 

5665 

40 

101 

.10 

720 

.80 

1950 

.50 

3440 

.20 

5840 

50 

115 

.20 

785 

.90 

2C30 

.60 

3540 

.30 

6015 

60 

‘ 133 

.30 

850 

4.00 

2110 

.70 

3640 

.40 

6190 

70 

154 

.40 

915 

.10 

2190 

.80 

3740 

.50 

6365 

80 

175 

.50 

985 

.20 

2270 

.90 

3850 

.60 

6540 

90 

198 

.60 

1055 

1 .30 

2350 

c.oo 

3970 

.70 

6715 

1 00 

224 

.70 

1125 

1 .40 

2440 

.10 

4100 

.80 

6890 

10 

.80 

1200 

.50 

2530 

.20 

4230 

.90 

7065 

.20 

287 

.90 

1275 

! .60 

2620 

.30 

4370 

8.00 

7240 

.30 

320 

3.00 

1350 

i .70 

2710 

.40 

4510 

.40 

.10 

1425 

1 .80 

2800 

.50 

4660 

50 

392 

.20 

1500 

1 .90 

2S90 

.60 

4820 

.60 

434 

.30 

1575 

5.00 

2980 

.70 

4980 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  BROKENSTRAW  CREEK  AT  YOUNGSVILLE,  WARREN  COUNTY, 
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ESTIMATED  MONTHLY  DISCHARGE  OF  BROKENSTRAW  CREEK,  AT 
YOUNGSMLLE,  WARREN  COUNTY,  PA. 

(Drainage  area  290  square  miles.) 


Discharge  in  Second-feet. 

Kun-off. 

MONTH. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1012. 

1875 

486 

1.676 

1.932 

1.636 

1200 

440 

1.517 

March,  

G630 

224 

1660 

5.724 

6.599 

April 

7420 

338 

1970 

6.793 

7.579 

May 

1120 

154 

356 

1.228 

1.416 

June 

154 

101 

134 

0.462 

0.515 

July 

108 

82 

92 

0.317 

0.365 

August 

1350 

88 

312 

1.076 

1.241 

September,  

4370 

133 

764 

2. 634 

2.938 

October 

2S40 

154 

606 

2.090 

2.410 

November 

1720 

255 

478 

1.648 

1.839 

r^eeeiiiber,  

2270 

224 

733 

2.528 

2.915 

The  year 

7420 

669 

2.308 

31.385 

— Creek  frozen  .Jan.  11-20,  inel.,  anil  Feb.  9-17,  iiicl.,  discharge  estimated. 


TIONESTA  CREEK. 


DESCRIPTION  OF  BASIN. 

Tioiiesta  cieek,  one  oT  the  large  tributaries  of  the  Allegheny  river, 
drains  approximately  485  srpiare  miles  in  Warren,  McKean  and 
h^irest  counties.  The  main  stream  rises  on  the  west  slope  of 
the  Allegheny’  mountains  in  the  southcentral  part  of  Warren  county, 
and  Hows  in  :i  northeasterly  direction  for  appi'oximately  13  miles 
to  Clarendon,  Warien  county,  where  it  turns  and  tlows  in  a general 
southerly  direction  for  apiiroximately  13  miles  to  the  Warren-For- 
est county  line,  thence  flowing  in  a general  southwesterly  direction 
foi-  ajiproxiniateh’  33  miles  to  its  moiith  in  the  Allegheny  river  at 
Tionesta,  Forest  county,  a total  distance  of  approximately  58  miles. 

The  lallc}'"  of  the  stieam  near  its  headwaters  is  fairly  broad,  the 
creek  flowing  through  low,  marshy  land,  but  after  it  leaves  Shef- 
field, it  enters  a gorgelike  valley,  with  hills  rising  500  feet  to  000 
feet  on  either  side,  to  its  mouth.  The  valleys  iu  the  loAver  reaches  are 
farmed  to  a small  extent,  while  on  the  adjoining  hills  is  some  virgin 
and  second-growth  timber.  A large  portion  of  the  high  ground  is 
under  cultivation. 

There  is  considerable  lumbering  carried  on  in  its  drainage  basin, 
and  there  are  several  saw  mills  along  the  course  of  the  stream  and 
its  tributaries.  There  are  also  several  small  water  power  installa- 
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tions  along  this  stream,  some  of  which,  however,  have  been 
abandoned.  It  is  proposed  to  erect  a oOO-foot  dam  near  the  mouth 
of  the  creek,  in  connection  with  a proposed  hydro-electric  power 
plant,  which  will  back  water  np  almost  to  Sheffield. 

The  elevation  of  the  creek  at  Saybrook,  at  the  mouth  of  Four-Mile 
run,  18  miles  below  its  source,  is  1,348  feet  above  mean  sea  level, 
while  at  its  month  at  Tionesta  it  is  1044  feet  above  mean  sea  level, 
a fall  of  304  feet  in  a distance  of  approximately  40  miles,  or  at  the 
rate  of  74  feet  per  mile. 

There  are  no  large  streams  entering  the  creek,  although  there  are 
numeious  small  tiibutaries  f,  om  the  east  and  west.  Several  of  the 
tributaries  above  Slieffie]<l  and  Clarendon  come  from  wooded  hills, 
and  are  clear  and  pure. 

The  largest  communities  in  its  watershed  are  Nebraska,  Sheffield, 
Clarendon,  none  of  which,  however,  are  of  any  consideralde  size. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
4.5  inches. 

The  discharge  has  been  measured  since  .Tuly  20th,  1912,  at  Butler 
Bridge,  about  2 miles  above  Nebraska,  Forest  county,  Penira. 


Cilirc)  BASIN— STATION  NO,  5. 


TIONESTA  CREEK  NEAR  NEBRASKA,  FOREST  COUNTY. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  -Tuly  20th.  1912.  and  is  located  at  Butler  Bridge,  a 
three  span  structure;  two  deck  sfraus  .and  one  through  truss  steel 
span  and  is  about  two  miles  above  Nebraska. 

The  channel  above  the  station  is  straight  for  200  feet,  while  below 
the  station  it  is  straight  for  1,500  feet.  The  right  and  left  banks  are 
high,  wooded  and  not  subject  to  overflow.  The  bed  is  com])osed  of 
gravel  and  boulders  and  is  fairly  permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge;  the  initial  point  for  soundings  being  right  end  of  down- 
stream hand-rail. 
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A sectional  chain  gage  is  fastened  to  tlie  face  of  the  wooden  giiard- 
lail.  The  elevation  of  zero  is  ai hitrary  datum.  Bench  Mark  No.  1 
is  a cross  chiselled  on  the  downstieam  side  of  the  right  pier,  marked 
“B.  >r  and  W.  S.  C.  of  Pa;”  elevation,  17.77  feet  above  gage  datum. 
The  length  of  chain  fiom  the  bottom  of  the  weight  to  marker  is  32.82 
feet.  The  gage  is  lead  once  daily,  by  Mrs.  P.  S.  Moore. 

This  station  was  established  to  replace  the  gaging  station  which 
was  operated  on  this  creek  at  Nebraska,  the  latter  station  being  dis- 
continued on  account  of  the  unreliability  of  the  gage  heights,  which 
were  inllnenced  by  a mill  dam  and  tail  lace  immediately  at  the 
station. 

Since  the  establishment  of  this  station  two  <lischarge  measure- 
ments have  been  made.  Owing  to  the  insufficient  number  of  dis- 
charge measni  ements  no  rating  talde  for  discharge  has  been  published' 
and  only  the  discharge  measurements  and  daily  gage  heights  are 
given  below. 


DISCHARGE  MEASUREMENTS  OF  TIONESTA  CREEK,  NEAR  NEB- 
BRASKA,  FOREST  COUNTY,  PA. 

(Drniiiafie  area  J/W  square  miles.) 


No. 

Date. 

Ilydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

1912. 

Feet. 

Sq.  n. 

Ft. 

per 

sec. 

Feet. 

Sec.  ft. 

1 

July  26, 

1913. 

Boeliringer.  

125 

383 

0.76 

3.99 

292 

O.G  method. 

2 

A-pril  1, 

Boehringer  & 

Knight. 

134 

634 

3.09 

5.88 

1958 

0.2  and  0.8  method. 
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DAILY  MEAN  GAGE  HEIGHTS  OF  TIONESTA  CREEK  NEAR  NEBRAS- 
KA, FOREST  COUNTY,  PA. 


1912. 

•JULY. 

G.  H. 

1,  

9 



a’  

4'  

5’  

6 

7j  

8*  

9 

10’  

11  

Vl'  

13  

14  

15  



16  

17’  

18'  

19'  

•>0  

91  

22'  

23'  

24’  

26  

4.0 

3.8 

3.7 

3.7 

3.7 

3.7 

27'  

28  

99'  

30  

31!  

AUG. 

SEPT. 

OCT. 

NOV. 

DEC. 

G.  ri. 

G.  H. 

G,  n. 

G.  H. 

G.  n. 

3.S 

6.4 

4.2 

4.6 

3.9 

3.9 

6.9 

4.1 

4.7 

4.0 

4.1 

6.9 

4.0 

4.6 

5.6 

3.9 

6.0 

4.0 

4.4 

5.1 

3.8 

5.5 

3.9 

4.4 

4.8 

3.7 

5.5 

3.9 

4.4 

5.1 

3.6 

5.2 

3.8 

4.5 

5.5 

3.6 

4.8 

3.8 

5.0 

5.2 

3.6 

4.6 

3.8 

5.0 

5.1 

3.5 

4.4 

3.9 

5.] 

*5.0 

3.9 

4.5 

4.2 

5.0 

4.8 

3.9 

4.3 

4.0 

4.9 

4.6 

3.6 

4.1 

4.0 

4.8 

t6.5 

3.6 

4.1 

3.9 

4.7 

t6.7 

3.5 

4.0 

3.9 

4.7 

t6.8 

3.5 

4.5 

3.8 

4.6 

t6.8 

3.5 

4.0 

3.8 

4.5 

t6.6 

3.5 

4.3 

3.8 

4.4 

a6.3 

5.1 

4.5 

3.9 

4.4 

6.1 

4.9 

4.3 

4.1 

4.3 

6.0 

4.7 

4.3 

4.1 

4.3 

5.8 

4.3 

4.0 

4.0 

4.3 

6.0 

4.1 

4.0 

4.4 

4.2 

6.0 

4.3 

4.2 

5.5 

4.2 

6.3 

4.1 

4.3 

5.5 

4.2 

16.0 

6.0 

4.2 

5.8 

4.2 

6.0 

6.5 

4.2 

5.3 

4.1 

6.0 

5.4 

4.2 

5.2 

4.0 

5.7 

5.6 

4.1 

5.0 

4.0 

b5.4 

5.1 

4.2 

4.8 

4.1 

5.9 

4.» 

4.7 

17.6 

I 


Xotes. — *SlHsh  ice  in  creek.  tCreek  frozen  over;  measurement  to  top  of  ice.  tice  gorge,  a Ice 
went  out.  b Ice  breaking  uu  above  bridge. 


OIL  CREEK. 


DESCRIPTIO.N  OF  BASIN. 

Oil  creek,  :i  tributaiY  of  the  Allegheny  river,  drains  an  approxi- 
mate area  of  335  square  miles  in  Eiie,  Crawford,  Warren  and  Ve- 
nango counties.  Tt  rises  in  Oil  Creek  Lake,  Crawford  comity,  which 
lake  is  fed  by  nnmerons  streams  and  runs  heading  in  Erie  county; 
the  East  Branch  of  Oil  cieek  rising  in  a large  lake  at  Spartansburg, 
Crawford  county,  is  also  fed  by  numerous  streams  rising  in  Erie 
county.  These  two  streams  join  at  Centerville,  Crawford  county, 
the  creek  proper  having  a fall  of  IIG  feet  in  a distance  of  G miles, 
while  the  East  Branch  has  a fall  of  150  feet  in  eight  miles.  From  the 
junction  of  these  streams  Oil  creek  flows  in  a general  southerly  di- 
rection through  Crawford  and  Venango  counties  to  its  mouth  at  Oil 
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City,  a distance  of  dO  miles.  From  Centerville  (elevation  1,275)  to 
Oil  City  (elevation  OS.j),  the  slope  of  the  creek  is  at  a uniform  rate 
of  10  feet  per  mile.  There  are  many  tributaries,  none,  however,  of 
any  considerable  size.  The  valley  of  Oil  creek  is  wide  and  Hat,  the 
hills  rising  abruptly,  and  often  with  cliffs,  from  its  flood  plain.  Its 
upper  section  lies  iu  the  glacial  area.  The  valley  is  underlain  with 
picductive  oil  fields,  farming  and  oil  production  being  carried  on 
throughout  ihe  basin.  Its  valley  is  laigely  deforested,  and  along 
its  coUise  lie  numejous  large  boroughs  and  villages.  The  stream  is 
used  extensively  for  industrial  water  supply  but  no  domestic  sup- 
l»iies  are  obtained  from  it. 

The  mean  annual  precipitation  over  this  watershed  is  from  40 
to  45  inches. 

The  dischaige  has  been  measured  since  Oct.  20,  1000,  at  Eouse- 
\ ille,  about  two  and  one  half  miles  above  the  mouth. 


OHIO  BASIN— STATION  NO.  6. 


OIL  CREEK  AT  ROUSEVILLE,  PA. 


DESCEIPTION  or  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
I'ennsyh  ania,  in  co-ot>eration  with  the  Flood  Commission  of  Pitts- 
buigh,  on  October  20th,  1000,  and  is  located  on  a two-span,  steel, 
diiOugh  tiuss,  highway  bi  idge,  about  two  and  one-half  miles  above 
tlie  mouth  and  (jne-half  mile  helow  Itouseville. 

Tlie  channel  above  the  station  is  straight  for  200  feet,  a trolley 
biidge  ciossing  the  same  about  400  feet  up  the  stream.  The  channel 
below  the  station  is  straight  for  1,000  feet.  The  right  bank  is  high 
and  Old}"  oveiliows  in  extieine  hoods,  wliile  the  left  bank  is  high 
and  not  suliject  to  overffow.  The  bed  is  composed  of  gravel  and  is 
fairly  permanent.  Tliere  is  slight  velocity  at  low  stages. 

Discharge  measurements  are  made  from  the  downstream  side  of 
Ihe  1)1  idge  and  by  wading  at  extreme  low  stages.  The  initial  point 
for  soundings  is  top  edge,  right  bridge  seat. 

A standaid  chain  gage  is  attached  to  the  lower  chord  of  the  bridge 
on  the  downstieam  side,  left  span.  The  length  of  chain  from  the 
bottom  of  weight  to  the  marker  is  16.92  feet.  The  elevation  of  zero  is 
arbitrary  datum.  Bench  Mark  No.  1 is  top  chord  at  upstream  end 
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of  stone  ill  bottom  course  at  downstream  corner  of  right  abutment; 
elevation  1.40  feet  above  gage  datum.  Bench  Mark  No.  2 is  bottom 
cf  iion  bed  plate  on  light  abutment  downstream  truss  (directly 
above  gagej  elevation  15.70  feet  above  gage  datum.  Prior  to  July 
2Tth,  1012,  readings  weie  taken  on  a IJ-foot  staff  gage  bolted  to  the 
downstream  face  of  the  light  abutment,  placed  oii  the  same  datum 
as  the  chain  gage.  The  gage  is  read  twice  daily  by  C.  II.  Wright. 

Since  the  establishment  of  this  station,  21  discharge  measure- 
ments have  been  made. 


DISCHARGE  MEASUREMENTS  OF  OIL  CREEK,  AT  ROUSEVILLE, 

VENANGO  COUNTY,  PA. 

(Drainage  area  3S0  square  miles. J 


No. 

Date. 

Hydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Foot. 

Sti.  ft. 

per 

Feet. 

Sec.  ft. 

1913. 

sec. 

21 

Mar.  27, 

Boehringer  & 

1S2 

1315 

6.70 

5.96 

8816 

Surface  measurement. 

Knight. 

DISCHARGE  TABLE  FOR  OIL  CREEK,  AT  ROUSEVILLE,  VENANGO 

COUNTY,  FROM  OCT.  20,  1909. 


5 

’S 

c 

tii 

C3 

O 

Discharge. 

Gage  height. 

c) 

u. 

« 

T. 

"3 

'Z 

o 

u 

ez 

O 

6 

u 

c: 

’f. 

£ 

'Z 

o 

u 

C 

6 

u 

K 

Y. 

£ 

.w 

'Z 

o 

c 

Dlscliargc. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

0.40 

33 

.60 

420 

.80 

2000 

4.00 

4080 

.20 

6580 

.50 

45 

.70 

495 

90 

2170 

.10 

4260 

.30 

6820 

.60 

60 

.80 

580 

3.00 

2340 

.20 

4450 

.40 

70^0 

.70 

77 

.90 

675 

.10 

2510 

.30 

4640 

.50 

7360 

.80 

96 

2.00 

780 

.20 

2680 

.40 

4840 

.60 

7640 

.90 

118 

.10 

900 

.30 

2850 

.50 

5010 

.70 

7940 

1.00 

145 

.20 

1030 

.40 

3020 

.60 

5240 

.80 

8240 

.10 

175 

.30 

1170 

.50 

3195 

.70 

5460 

.90 

8540 

.20 

210 

.40 

1320 

.60 

3370 

.80 

5680 

6.00 

8840 

.30 

255 

.50 

1490 

.70 

3545 

.90 

5900 

.40 

300 

.60 

1660 

.80 

3720 

5.00 

6120 

.50 

355 

.70 

1830 

.90 

3900 

.10 

6340 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  OIL  CREEK  AT  ROUSEVILLE,  VENANGO  COUNTY,  PA. 
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ESTIMATED  MONTHT.Y  DISCHARGE  OF  OIL  CREEK  AT  ROUSEVILLE, 

VENANGO  COUNTY,  PA. 

(Drainage  area  S30  square  miles.) 


Discharge  iu  SecoiiU-feet. 

Run-off. 

MONTH. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

431 

1.306 

1.506 

February, 

240 

0.727 

0.784 

5680 

1700 

5.152 

5.939 

5570 

300 

1860 

5.636 

6.288 

1400 

118 

380 

1.151 

1.327 

780 

136 

0.412 

0.459 

145 

GO 

89 

0.270 

0.311 

759 

57 

164 

0.497 

0.573 

September, 

2310 

74 

329 

0.997 

1.113 

1280 

90 

307 

0.930 

1.072 

1780 

137 

411 

1.245 

1.389 

December, 

2600 

107 

44] 

1.336 

1.540 

541 

1.638 

22.301 

Note. — Creek  frozen  over  Jan.  12-Mar.  16,  inel.  ; daily  discharge  estimated  from  Allegheny 

River  at  Kittanning  and  climatological  records. 


NORTH  BRANCH  OF  FRENCH  CREEK. 


DESCRIPTION  OF  BASIN. 

The  North  Branch  of  French  creek,  the  largest  tiibntary  of  French 
creek,  rises  in  the  sontlnvestern  corner  of  New  York  State,  in  num- 
erous tributaries,  draining  an  area  of  approximately  217  square 
miles,  114  of  which  lie  in  New  York  State,  and  flows  in  a general 
westerly  direction  into  Erie  county,  Penn’a.  and  thence  continues 
in  a general  sontherly  direction  to  its  junction  with  the  South 
Branch,  at  Leboenf,  Erie  county,  a distance  of  approximately  30 
miles,  the  entire  watershed  lying  north  of  the  terminal  morain. 

The  headwaters  of  this  stream  flow  thiorrgh  broad,  flat  valleys,  the 
side  hills  being  low  and  rolling  and  covered  with  second  growth 
timber.  There  are  a few  small  lakes  and  swampy  areas  at  the  head- 
waters, the  largest  lake  being  Findler^  Lake,  in  New  York  State,  near 
tlie  New  York-Pennsylvania  state  line.  As  the  stream  approaches 
its  confluence  with  the  south  branch  the  hills  become  higher  and  the 
fall  greater.  Throughout  the  entire  course  it  flows  through  a well 
populated,  agricultural  region.  There  are  numerous  small  towns 
and  boroughs  in  the  watershed,  the  largest  of  which  is  Wattbrrrg. 

The  mean  animal  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  of  the  stream  has  been  measured  since  May  4th, 
1910,  at  Kimmeytown,  about  six  miles  above  its  mouth. 
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()HIO  BASIN— STATION  NO.  7. 


NORTH  BRANCH  OF  FRENCH  CREEK  AT  KIMMEYTOWN, 

PA. 


OESOEIPTION  01  STATION. 

This  station  was  ostahlishod  by  tlte  Flood  Commission  of  Pitts- 
buigh,  on  May  dtb,  1!)10,  who  operated  the  same  until  Febinary  1, 
1!)12,  when  it  was  taken  ovi^n  by  the  Water  Sni)]dy  Commission  of 
Pa.  It  is  located  on  th.e  steel,  higlnvay  bridge,  at  Kimmeytown,  Erie 
comity,  about  ti\e  miles  abo'e  the  month  of  tlie  creek. 

The  channel  is  strniglit  for  a distance  of  about  dOO  feet  above  and 
(lOtt  feet  lielow  the  station.  Tlie  banks  are  botli  subject  to  overflow 
at  extreme  high  stages.  The  bed  of  the  creek  is  gravelly  and  per- 
manent. 

Discharge  measurements  aie  taken  from  the  downstream  side  of 
the  bridge,  at  ordinal y stages,  and  by  reading,  at  a section  200  feet 
above  tlie  bridge,  at  extieme  low  stages.  The  initial  point  for  sound- 
ings is  outer  face  of  cassion  at  left  end  of  bridge. 

A chain  gage  is  fastened  to  the  floor  on  the  downstream  side  of  the 
bridge.  The  length  of  chain  from  the  bottom  of  weight  to  the  marker 
is  16.26  feet.  The  elevation  of  zero  is  1235.70  feet.  B.  M.  No.  1 is 
on  west  abutment,  downstream  side,  top  of  cassion ; elevation  1250.09 
feet,  or  11.39  feet  above  gage  datum.  The  gage  is  read  once  daily  by 
.1.  L.  Carter. 

Since  the  establishment  of  this  station  13  discharge  measurements 
have  been  made. 

The  data  ])rior  to  1912  was  furnished  by  the  Flood  Commission  of 
Pittsburgh,  and  will  be  found  in  the  1910-11  report  of  the  Water 
Supply  Commissiou. 
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DISCHARGE  MEASUREMENTS  OF  NORTH  BRANCH  FRENCH  CREEK, 
AT  KIMMEYTOWN,  ERIE  COUNTY,  PA. 

(Drainage  area  190  square  miles.) 


No. 


Date. 


Hydrographer. 


(J 

O 

U2 


< 


(h 

tl 

a 


O 


Remarks. 


13 


1913. 

Mar.  29, 


[ 


Eoehringer  & 
Knight. 


Ft. 

Feet. 

Sq.  ft. 

per  Feet.  Sec.  ft. 

sec. 

157 

557 

2.77  : 4.3S  1544 

; 1 

0.2  and  0.8  msmt. 

DISCHARGE  TABLE  FOR  NORTH  BRANCH  FRENCH  CREEK,  AT  KIM- 
MEYTOWN, ERIE  COUNTY,  FROM  -AfAY  16,  1910. 


1 

Gage  height. 

c; 

M 

u 

e3 

*? 

M 

5 

Gage  height. 

Discharge. 

.a 

'3 

.a 

Ml 

C5 

C 

Discharge. 

1 

Gage  height. 

1 

Discharge. 

1 

Gage  height. 

Discharge. 

Feet. 

See. -ft. 

Feet. 

Sec. -ft. 

Feet. 

See. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec.-ft.- 

0.60 

26 

.10 

414 

.60 

1120 

.10 

2060 

.60 

3320 

.70 

32 

.20 

450 

.70 

1180 

.20 

2140 

.70 

3420 

.80 

46 

.30 

490 

.80 

1240 

.30 

2220 

.80 

3520 

.90 

64 

.40 

530 

.90 

1300 

.40 

2300 

.90 

3630 

1.00 

86 

.50 

572 

4.00 

1360 

.50 

2380 

7.00 

3740 

.10 

108 

Ir  .60 

616 

.10 

1420 

.60 

2460 

.10 

3S50 

.20 

132 

.70 

662 

.20 

1480 

.70 

2--^  40 

.20 

3970 

.30 

160 

.80 

710 

.30 

1540 

.80 

2620 

.30 

4090 

.40 

188 

.90 

760 

.40 

1600 

.90 

2700 

.40 

4210 

.50 

216 

1 3.00 

810 

.50 

1660 

6.00 

2780 

.50 

4340 

.60 

246 

.10 

860 

.60 

1720 

.10 

2870 

.60 

4470 

.70 

276 

.20 

910 

.70 

1780 

.20 

2960 

.70 

4600 

.80 

310 

30 

960 

.80 

1850 

.30 

3050 

.90 

344 

.40 

1010 

.90 

1920 

.40 

3140 

2.00 

378 

.50 

1060 

5.00 

1990 

.50 

3230 

DAII.Y  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  NORTH  BR.  FRENCH  CREEK  AT  KIMMEYTOWN  ERIJO 
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♦Creek  froz.en.  Daily  discharge  Jan.  6 to  March  18,  inch,  estimated  from  Brokenstraw  Creek  at  Youngsville.  a Max.  7. SO'  at  5:30  p.  m.:  4730  sec.  ft. 
Interpolated,  c Ice  gone,  d Estimated. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  NORTH  BR.  FRENCH  CREEK 
AT  KIMMEYTOWN,  ERIE  COUNTY. 

(Drainage  area  WO  square  miles.) 


MOXTH. 

Discharge  in  Second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

334 

1.758 

2.027 

240 

1.263 

1.362 

d5560 

1180 

6.211 

7.160 

April,  

5860 

303 

1470 

7.737 

8.632 

May,  

995 

101 

365 

1.921 

2.215 

June,  

300 

59 

117 

0.616 

0.6S8 

July,  

79 

42 

51 

0.268 

0.309 

August 

1970 

59 

331 

1.742 

2.008 

September 

3600 

132 

696 

3.663 

4.037 

October 

4730 

132 

663 

3.489 

4.023 

November,  

1630 

202 

638 

2.832 

3.159 

December 

3800 

251 

666 

3.605 

4.041 

The  year,  , 

554 

2.917 

39.711 

Note. — d B,stimatPd.  Creek  fr.jzen  over  Jan.  C-Mar.  IS,  incL,  and  daily  discharge  estimated 
from  Brokenstraw  Creek  at  Youngsvilie. 


CUSSEWAGO  CREEK. 


DESCRIPTION  OF  BASIN. 

Ciissewago  cieek,  one  of  the  largest  tributaries  of  French  creek, 
draining  ninety-two  square  miles,  rises  in  the  southern  part  of  Erie 
county  and  flows  in  a general  southerly  direction,  through  Erie  and 
Crawford  counties,  for  a distance  of  ahcut  twenty  miles,  to  the  par- 
ent stream  opposite  Meadville.  This  creek  follows  a tortuous  course 
and  the  How  is  sluggish  thioughout  its  entire  length,  jtassing  througli 
a wild,  shallow,  drift  tilled  valley,  the  side  hills  of  which  often  rise 
abruptly  from  the  jilains,  with  numeious  small  tributaries  coming 
in  from  the  east  and  the  west.  Th.e  watershed  lies  entirely  within 
the  glacial  area,  the  hills  being  low,  rolling,  and  largely  deforested, 
while  the  hasin  is  well  ]»o]»ulated  by  an  agricultural  community. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
4.5  inches. 

The  discharge  of  this  creek  has  been  ineasrried  since  May  2nd, 
1910,  at  Jones’  Farm,  above  Meadville,  Crawford  county. 
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OHIO  BASIN— STATION  NO.  8 


CUSSEWAGO  CREEK  AT  JONES’  FARM,  ABOVE  MEADVILLE. 


DESCRIPTION  OF  STATION. 

This  station  was  esta))lislie(l  ou  Mai’'  2iid,  1910,  by  the  Flood  Com- 
mission of  I’ittshui'gh,  who  operated  the  same  until  February  1, 
1012,  wlien  it  was  taken  over  by  the  Water  Supply  Commission  of 
I’a.,  who  has  maintained  and  operated  the  station  since  tliat  date. 
It  is  located  on  the  steel  highway  bridge  near  Jones’  Farm,  four  and 
one  half  miles  above  Meadville. 

'The  channel  above  and  Ijelow  the  station  bends  to  the  left.  Both 
hanks  are  subject  to  ovei-tlow  at  a gage  height  of  about  eight  feet. 
The  bed  is  soft  and  not  permanent. 

Idschaige  nieasui  ements  a;e  taken  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  the  outer  edge  of 
the  left  abutment. 

Originally  a stall  gage  was  attached  to  the  right  abutment,  but 
as  this  was  nut  of  water  at  low  stages,  a chain  gage  was  installed 
on  June  Gth,  1910.  The  iength  of  the  chain  from  the  bottom  of  the 
weight  to  the  marker  is  14.83  ft.  The  elevation  of  zero  is  1071.77 
feet.  Bench  Maik  No.  1 is  on  top  of  upstieam  side  of  left  abutment; 
elevation  1085.40  feet,  or  13.03  feet  above  gage  datum.  The  gage  is 
read  once  daily  by  -T.  E.  Hoiius. 

This  is  not  an  entiiely  satisfactory  location  for  a station,  but  no 
lietter  point  could  be  found  on  the  creek,  as  the  same  conditions  pre- 
vail thrnnghont  its  whole  length. 

Since  the  establishment  of  this  station,  twelve  discharge  measure- 
ments have  been  made. 

The  data  ])iior  to  1912,  which  was  furnished  by  the  Flood  Com- 
mission of  I’ittsbnrgh,  will  he  found  in  the  1910  11  rei)ort  of  the 
Water  8n]>ply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  CUSSEWAGO  CREEK,  NEAR  MEAD- 
VILLE,  CRAWFORD  COUNTY,  PA. 

(Drainage  area  90  square  miles.) 


No. 

Date. 

Hydrographer. 

II 

Width.  1 

1 

Area  of  section.  1 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1912 

it. 

sec. 

ft. 

12 

Dec.  9 

Boehringer,  

54 

ns 

0.95 

S.70 

112 

Surface  msmt. 

DISCHARGE 


TABLE  FOR  CUSSEWAGO  CREEK,  NEAR  MEADVILLE, 
CRAWFORD  COUNTY,  FROM  MAY  3,  1910. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

-1 

Gage  height. 

Discharge. 

1 

Gage  height. 

U 

rt 

“o 

x 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

i^eet. 

Sec.  ft. 

.50 

2 

.60 

48 

.70 

166 

.80 

337 

.90 

.6^6 

.GO 

3 

.70 

53 

.so 

172 

.90 

346 

9.00 

709 

.70 

4 

.SO 

58 

.90 

179 

7.00 

357 

.10 

'j-o-o 

.80 

5 

.90 

63 

5.00 

186 

.10 

36S 

.20 

756 

.90 

6 

3.00 

68 

.10 

193 

.20 

380 

.30 

780 

1.00 

7 

.10 

73 

.20 

200 

.30 

392 

.40 

805 

.10 

8 

.20 

78 

.30 

207 

.40 

405 

.50 

833 

.20 

9 

.30 

S3 

.40 

214 

.50 

419 

.60 

861 

.30 

10 

.40 

88 

.50 

221 

.60 

431 

.70 

890 

.40 

12 

.50 

94 

.60 

228 

.70 

450 

.80 

.50 

14 

.00 

100 

.70 

236 

.so 

466 

.90 

950 

.60 

16 

.70 

106 

.so 

244 

.90 

4S8 

10.00 

980 

.70 

18 

.80 

112 

.90 

252 

s.oo 

501 

.10 

1010 

.so 

20 

.90 

118 

6.00 

260 

.10 

519 

.20 

1C40 

.90 

23 

4.00 

124 

.10 

268 

.20 

538 

.30 

1070 

2.00 

26 

.10 

130 

.20 

276 

.30 

558 

.40 

110-0 

.10 

29 

.20 

136 

.30 

2So 

.40 

578 

.50 

1130 

.20 

32 

.30 

142 

.40 

294 

.50 

599 

.30 

35 

.40 

14S 

.50 

304 

.60 

620 

.40 

39 

.50 

154 

.60 

314 

.70 

641 

.50 

43 

.60 

160 

.70 

324 

.80 

663 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  CUSSEWAGO  CREEK  NEAR  MEADVILLE,  CRAWFORD  COUNTY 

PA. 
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DEC. 

1 Dis. 

--sii 

a 

G H 

M M O td  irt 

5.38 

G.98 

6.18 

4.43 

4.03 

3.20 

3.20 

•2.95 

2.60 

2.30 

2.60 

3.45 

4.(B 

4.30 

4.00 

3.60 

•2.80 

3.25 

2.40 

2.30 

•2.50 

2.30 

2.40 

•2.55 

b2.50 

" 

CD 

ci 

> 

o 

Dis. 

ssgss 

! 322 

227 

206 

87 

99 

aggsp 

, 67 

62  1 

52 

47 

47 

aasaa 

z 

o 

^fSSgS 

aagga 

oq  Csi  Dj  oj  M 

2.58 

2.58 

2.68 

2.58 

2.58 

1 

Dis. 

aasss 

aaaaa 

12 

8 

11 

65 

196 

a°aai 

817 

790 

373 

308 

78 

s 

G II 

1.45 
1.55 
1.55  ! 
1.55  1 
1.50' 

1.35 

1.35 

1.55 

1.25 

1.25 

1.65 

1.55 

1.85 

1.55 

(11.47 

1.39 

1.14 

1.34 

2.94 

5.14  , 

1 

sssss 

-T  CO  CD  <£><55 

9.44 

9,34 

7.14 

6.54 

3.19 

3.39 

SEPT. 

1 ...  _ 

G 

CO  CO  t-  CD  CD 

cD  CD  CO  05 

sasss 

G 

P 

ggggg 

T-i  iH  C-l  CO  C^l 

1.90 

2.10 

1.85 

1.40 

1.20 

1.10 

1.10 

1.00 

0.95 

0.90 

ggggg 

O tH  rH 

ssggs 

I-H  i-i  r-.  ID 

ggggg 

CO  D1  <M  1-1  W 

d 

p 

G 

CCi  1.0  «£> 

lO  -t*  i-o  CD 

3saa“ 

CD  DO  lO  Th 

CD  <35  CO  CD  OO 

sii§s 

< 

G 

O 

iSggSS 

o o o oo 

gS2i2gg 
o o o o o 

1.30 
. 2.35 
1.65 
1.35 
1.05 

gggaa 

Cj  C5  O O O 

gasssa 

O r4  rH  C>  G 

1.25 

5.20 

5.85 

4.10 

2.75 

2,30 

X 

Dis. 

-r  CO  CO 

CO  CO  -f*  -r 

UO  T* 

Tj-  TJ< 

CO  ID  CO  rf  DO 

ID  CD  ID  ID 

iD 

GH 

gggss 

<r>  o o o o 

SSSigg 

O O <S5 

0.66  1 

0.G6  ' 

0.66' 

0.76 

0.66 

ggass 

o o & © 

0.61 
0.76  1 
0.61  i 
0.71  1 
0.80 

<£<£>©©<» 

0,80 

a 

z 

i 

G 

!S  "2^51 

OO  00  00  00  CD 

sssias 

<35  ©05  C-  ID 

ID  CD  CD  ID  ID 

: 

D 

f-5 

G 

O 

ggggiS 

G G G G ol 

1.96 

1.86 

1.25 

1.26 
1.06 

1.06 

1.06 

1.11 

1.06 

0.86 

1.26 

2.11 

1.86 

1.66 

1.26 

1.16 

1.16 

1.16 

0.96 

0.76 

sggss 

© © o o © 

tH 

Vi 

sa-”- 

aasss 

asggs 

asiS- 

gagsa 

13 

10 

10 

24 

76 

a 

a 

GH 

afrgfeS 

CD  CO  C-I  C'T  Dj 

aS££?! 

c-i  m CO  D 1 

gaasa 

C<1  ?!  Cvl  DY 

aasss 

CO  lO  liO  T Dl 

2.37 

2.17 

1.97 

1.77 

1.57 

1.47 

1.27 

1.27 

1.92 

3.17 

2.57 

4 

'A 

SisiSi 

asssg 

aailS 

S 

11  ;> 

Cl  c;  00  CO 

ggass 

CO  oo  coco 

ssgggg 

G CO  CO  CO  CD 

tr-  CO  DO  •tt' 

ggags 

CO  <?i  CO  CO  d1 

gassg 

c4  03  oi  CO  cD 

d 

p 

^ O O o O 

aaaaa 

o o o o *■ 

aaaaa 

<s>  o o o o 

GGGGG 

iiii|  iiaia 

iaisa 

s 

UJ 

a 

(i  11 

: : : :S 

; : : :a 

<35  C5  C/5  t-  OC 

sgggg 

OO  i>  CD  CC  © 

§ 

© 

d 

i 

sSSSi 

asaaa 

aaaaa 

aaaaa 

135 

135 

135 

135 

a 

a 

z 

y* 

G 

125 

125 

125 

125 

125 

§ 

< 

. . 

S?”Sgi? 

j G II 

. 

ot-co-oCo  d 


•Partly  frozen.  fCreek  frozen  over  Jan.  6-Marcb  19,  inclusive,  and  daily  discharge  estimated  from  Brokenstraw  Creek  at  Youngsville.  a Ice  broke.  b Ice 
)reaking.  c Estimated.  d Interpolated. 


213 


ESTIMATED  MONTIII.Y  DISCHARGE  OF  CUSSEWAGO  CREEK,  NEAR 
MEADVILLE,  CRAWFORD  COUNTY. 

(Drainage  area  90  squa7’e  miles  J 


Discharge  in  Second-feet. 


Runoff. 


MONTH.  ' 

Maximum. 


1912.  I 

January,  ; 

February | 

March,  ! 

April,  I S28 

May,  274 

June,  158 

July,  ti 

August,  248 

September,  j 186 

October,  i cll70 

November 322 

December,  i 3o5 


I'he  year, 


Minimum. 

Mean. 

Secoud-feet 
per  square 
mile. 

Depth  in 
inches. 

156 

1.733 

1.99.8 

135 

1.500 

1.61.8 

441 

4.900 

5.649 

27 

316 

3.511 

3.917 

10 

75 

0.833 

0.960 

5 

oo 

o.m 

0.272 

s 

4 

0.044 

0.051 

4 

28 

0.311 

0.35s 

6 

31 

0.344 

0.3S3 

8 

181 

3.011 

2.318 

47 

129 

1.333 

1.487 

35 

120 

1.333 

1.537 

136 

1.508 

20.548 

Note.— c Estimated.  Creek  frozen  over  Jan.  G*March  19,  inclusive,  and  daily  discharge  estimated 
from  Brokeustraw  Creek  at  Youngsville. 


FRENCH  CREEK 


DESCRIPTION  OF  BASIN. 

Fieucli  cieek,  in  iioitliwesterii  Pennsylvania,  is  one  of  the  largest 
feeders  of  the  Allegheny  river,  draining  approximately  1.180  sqiiaie 
miles,  of  which  about  45  lie  in  New  York  State.  It  rises  in  the 
plateau  in  the  southwestein  corner  of  New  York  State,  and  Hows 
approximately  25  miles  southwesterly  to  the  Penn.sylvania  line, 
crossing  it  into  E. ie  county,  Penira.,  17  miles  south  of  Lake  Erie. 
From  this  point  the  stream  continues  in  a general  southwesterly 
direction  thiough  E;ie  and  Ciawfoid  counties,  cutting  across  the 
northeast  coiner  of  Mercer  county  into  Venango,  it  follows  a south- 
easterly course  to  its  nioulh  at  Fianklin,  the  total  length  being  about 
100  miles.  This  stream  thioughout  its  entiie  length  tlows  through 
a well  inhabited,  agricultuial  countiy,  almost  deforested,  and  con- 
taining in  its  basin  many  important  and  thriving  communities.  In 
general  this  stieam  tlows  thiough  a broad  valley,  hounded  by  rolling 
hills  and  is  tortuous  in  its  course,  flowing  slowly  with  a gentle  slope, 
often  thiough  long  deep  pools.  From  where  it  enters  Venango 
county,  however,  to  its  mouth,  a distance  of  121  miles,  the  fall  is 
steeper,  often  hioken  by  rapids,  the  hills  on  either  side  being  higher. 
The  source  of  French  creek  lies  at  an  approximate  elevation  of 
1,700  feet,  and  to  LeBouef,  12  miles  below  the  Pennsylvania  Htate 
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line,  it  falls  at  ilic  rate  of  14  feet  per  mile;  thence  to  the  Mercer- 
N'ennniio  comity  line,  a distance  of  50  miles,  the  rate  is  about  3 feet 
per  mile,  and  from  this  point  to  the  mouth,  approximately  12  miles 
she  late  of  fall  is  8 feel  per  mile.  All  hut  a small  section  of  this 
hasiu  near  the  mouth,  lies  ^yithin  the  glacial  area,  and  at  Cam- 
hiidge  S]nings,  where  the  valley  of  tlie  creek  for  about  eight  miles 
above  and  below  the  town  is  extremely  bioad  ami!  flat,  is  said  to 
have  been  foi  merly  the  bed  of  a large  glacial  lake.  There  are  many 
mineral  s]tiings  in  this  section  of  the  drainage  basin.  Throughout 
the  entire  (hainage  area  of  French  creek  are  numerous  lakes,  ponds 
and  swanpts  from  which  the  tributaries  of  the  stream  emanate.  The 
C'onneaut  Lake,  said  to  be  the  largest  in  Pennsylvania,  lies  in  this 
watershed.  The  juincipal  tributaries  ar’e — Soirth  Branch,  Le  Boeuf, 
Correwago  creek,  Conneautee  creek.  Muddy  creek,  Conueaut  creek, 
Woodcock  creek  atrd  Big  Sugar-  creek.  Numerous  domestic  and  in- 
dustrial water  sujiplies  are  obtained  from  Freircli  creek  aird  its  tribu- 
taries. This  creek  at  one  time  Avas  exterrsively  used  by  grist  and 
tlorrring  mills  for  poAver  purjroses,  all  brrt  a feAv  of  these  plairts  have 
heerr  abandoned.  At  one  period  a state  canal  folloAved  the  lower 
]»ortiorr  of  this  stream. 

The  mertrr  anrnral  ]U‘ecipilatiorr  over-  this  watershed  is  frorrr  40  to 
45  itrches. 

The  dischar  ge  has  heerr  measured  since  April  29,  1908,  at  Carlton, 
aborrt  13  nriles  above  the  morrth. 


OHIO  BASIN— STATION  NO.  9. 


FRENCH  CREEK  AT  CARLTON,  PENNA. 


DESriHPTION  OF  STATION. 

This  statiorr  aaus  established  by  the  Water  Supjrly  Commissiorr  of 
Pennsylvania  orr  Ajnil  29th,  1908,  and  is  located  on  a tAvo-span, 
steel,  ihrorrgh  trrrss,  higliAA-ay  bridge,  rrear  the  Erie  Railroad  Statiorr 
at  Carltorr. 

The  chanrrel  above  and  beloAv  the  station  is  a gradrral  curve  to  the 
left,  there  beirtg  arr  old  danr  800  feet  rrjrstream  and  a dam  a mile  and 
orre-half  downstream.  The  right  bank  is  high  and  not  srrbject  to  over- 
floAv,  Avhile  the  left  bairk  is  low  and  AAmter  passes  arorrnd  for  a width 
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of  100  feet,  being  several  feet  deep.  This  low  section  is  about  eight 
feet  below  the  floor  of  the  bridge.  The  bed  is  of  sand,  gravel  and 
bouldeis  and  is  permanent.  There  aie  a few  trees  and  bushes  in  the 
channel  near  the  left  bank. 

Discha.ge  measurements  are  made  from  the  downstream  side  of 
the  bridge  and  b}’  wading  during  extreme  low  stages.  The  initial 
point  for  soundings  is  end  of  upper  angle  of  downstream  handrail  at 
right  bank. 

A temfoot  staff  gage  is  fastened  to  the  downstream  face  of  the 
pier.  The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No.  1 
is  riglit  hand,  downstream  corner  of  center  pier  coping;  elevation 
17.58  feet  above  gage  datum.  The  gage  is  read  twice  daily  by  E.  E. 
Dean. 

Since  the  establishment  of  this  station,  27  discharge  measuie- 
ments  have  been  made.  No  discharge  measurements  have  been  made 
since  the  lblO-11  report.  The  data  prior  to  1912  will  be  found  in  tlie 
1910-11  report  of  the  Water  Supply  Commission. 


DISCHARGE  TABLE  FOR  FRENCH  CREEK,  AT  CARLTON,  MERCER 
COUNTY,  FROM  APRIL  29,  1908. 


a< 

to 

« 

O 

Discharge. 

Gage  height. 

Discharge. 

"tC' 

o 

-a 

0) 

tJD 

C3 

c 

Discharge. 

Gage  height. 

6 

tjt 

t~ 

a 

*0 

If. 

5 

o 

c 

t/, 

K 

c 

c.* 

T' 

P 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

— .10 

7j 

.40 

1300 

.90 

43.50 

.40 

8720 

.90 

14960 

0.00 

90 

.50 

1390 

0.00 

4500 

.50 

8920 

10.00 

15300 

.10 

106 

.60 

14S0 

.10 

4650 

.60 

9120 

.10 

15670 

.20 

125 

.70 

1570 

.2-0 

dSOv 

.70 

9320 

.20 

16070 

.30 

145 

.80 

1670 

.30 

4909 

.80 

9520 

.30 

16470 

.40 

170 

.90 

1775 

.40 

5120 

.90 

9720 

.40 

16880 

.50 

195 

3. CO 

1880 

..50 

5280 

S.CO 

9920 

.50 

17300 

.GO 

220' 

.10 

1985 

.60 

5450 

.10 

lOVO 

.60 

17730 

.70 

2.50 

.20 

3.:'95 

.TO 

5620 

.20 

IC'330 

.70 

18180 

.80 

280 

.30 

2210 

.80 

5790 

.30 

10550 

.80 

18630 

.90 

3:0' 

.40 

23:5 

.90 

5960 

.40 

10780 

.90 

19100 

1.00 

365 

.50 

2445 

6. CO 

6130 

.50 

11010 

11.00 

19600 

.10 

410 

.60 

2o6o 

.10 

6300 

.60 

11250 

.10 

20100 

.‘0 

460 

.70 

2685 

.20 

6480 

.70 

115C0 

.20 

20600 

.30 

520 

.80 

2810 

.30 

6600 

.80 

11750' 

.30 

21100 

.40 

5S0 

.90 

2940 

.40 

6^M0 

.90 

12000 

.40 

21600 

.50 

640 

4.00 

3070 

.50 

7020 

9.00 

12260 

.50 

22100 

.60 

705 

.10 

3209 

.60 

7200 

.10 

12520 

.60 

22650 

.70' 

770 

.20' 

3341) 

.70 

7380 

.20 

l‘S0) 

.70 

23200 

.80 

.39 

3480 

.SO 

7560 

.30 

131CO 

.80 

2^800 

.90 

90  D 

.40 

3520 

.90 

7740 

.40 

13400 

.90 

24400 

2.00 

9S0 

.50 

3760 

7. CO 

7930 

.50 

137CO 

12.00 

26000 

.10 

1065 

.60 

390i) 

.10 

8120 

.60 

14000 

.20 

1135 

.70 

4050 

.20 

8320 

.70 

1430) 

.30 

1215 

.so 

4200 

.30 

8520 

.80 

14620 

DAIl.Y  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  FRENCH  CREEK  AT  CARI/FON,  MERCER  COUNTY,  PA. 
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♦Creek  frozen  over,  and  daily  discharge  Jan.  14-March  15,  inclusive,  estimated  from  Allegheny  Klver  at  Kittanning  and  climatological  records.  tice  moved 
nd  gorged  below  bridge.  tIce  went  out.  a lee  at  gage.  b Ice  at  gage  and  slush  ice  running. 
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ESTIMATED  MONTH!. Y DISCHARGE  OF  FRENCH  CREEK,  AT  CARLTON, 

MERCER  COUNTY. 

(Drainage  area  1,0^0  square  miles, ) 


Discharge  in  Second-feet. 


Hun-off. 


January, 
February, 
March,  . . . 

April 

May,  

June,  ..... 

July,  

August,  .. 

September, 

October, 

November, 

December, 

The 


MONTH. 


1912. 


year, 


Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1390 

1.399 

1 498 

950 

0 88S 

0.958 

17700 

6200 

5.794 

6.680 

1750() 

1280 

5870 

5.486 

6.121 

4iS0 

430 

1450 

1.355 

1.562 

19S0 

155 

484 

0.452 

0.504 

2S0 

145 

180 

0.168 

0.194 

4800 

195 

959 

0.896 

1.033 

S220 

347 

1740 

1.626 

1.814 

9820 

365 

2230 

2.084 

2.403 

5m 

835 

20S0 

1.944 

2.169 

5620 

870 

2130 

1.991 

2.295 

2140 

1.999 

27.231 

Note. — Creek  frozen  over  Jan.  14-March  15,  inclusive,  and  daily  discharge  estimated  from 
Allegheny  River  at  Kittanning  and  climatological  records. 


SUGAR  CREEK. 


DESCRIPTION  OF  P.ASIN. 

Sugar  creek,  one  of  the  largest  tiibulaiies  of  French  creek,  rises 
in  two  branches  in  the  southeast  co:uer  of  Ciawford  county,  Penii'a., 
and  flows  in  a general  southerly  direction,  with  numerous  large  tiib- 
taries  fioiii  the  east  and  west,  draining  approximately  173  square 
miles,  to  its  mouth  at  Sugar  Creek  Station,  Venango  county.  Pa.,  a 
distance  af  approximately  twenp-  miles.  It  flows  througli  a well 
populated,  agricultural  region,  the  side  hills  l>eing  low  and  rolling 
and  the  valle3-s  being  wide  arid  flat.  There  are  numerous  small  vil- 
lages in  the  watershed,  the  largest  of  which  is  Cooperstowii  borough. 
The  production  of  oil  is  exten.sive  throughout  the  valley. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  of  tliis  stream  lias  been  measured  since  May  Gth, 
1910,  at  Wjmttville,  about  three  miles  above  the  mouth. 
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OHIO  BASIN— STATION  NO.  10. 


SUGAR  CREEK  AT  WYATTVILLE,  PENNA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Flood  Commission  of  Pitts- 
burgh, on  May  0th,  1910,  ivlio  operated  the  same  until  Feb.  1,  1912, 
when  it  Vv’as  taken  over  by  the  Water  Supply  Commission  of  Pa., 
and  is  located  on  the  steel  highway  bridge  at  Wyattville,  Venango 
county,  three  miles  above  the  mouth  of  the  creek. 

The  channel  is  straight  for  a distance  of  about  600  feet  above 
and  F.IOO  feet  l)elow  tlie  station.  At  low  water  a pool  is  formed, 
owing  to  the  flat  slope  of  the  creek  bottom,  which  is  gravelly  and 
permanent.  The  right  bank  is  high  and  does  not  overflow,  while  the 
left  bank  overflows  only  at  extreme  high  water. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  at  ordinary  stages,  and  by  wading  at  a section  | mile 
below  the  bridge  at  low  stages.  Tlie  initial  point  for  soundings  is 
the  face  of  left  abutment. 

A chain  gage  is  attached  to  the  bridge,  the  length  of  chain  from 
the  bottom  of  the  weight  to  the  maiker  being  13.83  feet.  The  eleva- 
tion of  zero  is  1050.96  feet.  B.  M.  No.  1 is  on  top  of  left  abutment, 
downstream  side  of  bridge;  elevation  1062.48  feet  or  11.52  feet  above 
zero  of  gage.  The  gage  is  i-ead  once  daily  by  T.  C.  Wyatt. 

Since  the  establishment  of  tliis  station,  9 discharge  measurements 
liave  been  made. 

The  data  prior  to  1912,  which  was  furnished  by  the  Flood  Commis- 
sion of  Pittsburgh,  will  be  found  in  the  1910-11  report  of  the  Water 
Supply  Commission. 
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DISCHARGE  MEASURE.AIEXTS  OF  SUGAR  CREEK,  AT  WYATTVIULE, 

VENANGO  COUNTY,  PA. 

(Drainage  area  160  square  miles. 


No. 


Date. 


Hydrographer. 


C 


Remarks. 


1913 

9 April  2 


Ft. 

i 

Feet.  Sq. 

per 

Feet. 

Sec. 

ft. 

sec. 

ft. 

Boehringer  and  Knight 

86  400 

1.10 

2. SO  j 

4-JO  0.2  and  O.S  msmt. 

DISCHARGE  TABLE  FOR  SUGAR  CREEK,  AT  WYATTVILLE,  VENANGO 

COUNTY,  FROM  MAY  7,  1910. 


Gage  height. 

i 

Discharge. 

1 

Gage  height. 

Discharge. 

1 

Gage  height. 

Discharge. 

To 

'Z 

a 

to 

« 

O 

1 

Discharge. 

Gage  height. 

ci 

fee 

C3 

T 

w 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Foot. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.00 

10 

.10 

115 

.20 

6^3 

.39 

l-tT.’ 

.40 

2‘50 

.10 

11 

.20 

142 

.30 

74S 

.40 

155-5 

.50 

2540 

.20 

13 

.30 

177 

.40 

S13 

.50 

1640 

.60 

‘'630 

.30 

16 

.40 

320 

.50 

sso 

.60 

1'3) 

.70 

27  -0 

.40 

21 

.50 

26S 

.60 

D'O 

.70 

1S20 

.80 

2S10 

.50 

2S 

.60 

320 

.70 

1020 

.80 

1910 

.90 

2900 

.60 

37 

.70 

375 

.so 

1G90 

.90 

20CO 

6.00 

2990 

,70 

47 

.80 

431 

.90 

116' 

5.00 

2090 

.80 

59 

.90 

491 

4.00 

1240 

.10 

21S0 

.90 

75 

3.00 

55  i 

.10 

13^5 

.20 

2270 

2.00’ 

94 

.10 

619 

.20 

1395 

.30 

2360 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  SUGAR  CREEK,  AT  WYATTVILLE,  VENANGO  COUNTY,  PA. 
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On  account  of  ice  conditions,  tbe  daily  discharge  from  Jan.  5 to  March  17,  inclusive,  estimated  from  Oil  Creek  at  Rouseville. 


ESTIMATED  MONTHLY  DISCHARGE  OF  SUGAR  CREEK,  AT  WYATT- 

VILLE,  VENANGO  COUxNTY. 

(Drainage  area  160  square  miles.) 


MONTH. 

Discharge  in  Second-feet. 

Run-off. 

Maximum. 

Minimum. 

. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  iu 
inches. 

1912. 

190 

1.188 

1.370 

120 

0.750 

0.809 

March  

615 

3.S41 

4.432 

April,  

2000 

94 

58S 

3.675 

4.100 

May 

49] 

47 

189 

I.IS] 

1.3bl 

June,  

C'9 

2S 

45 

0.231 

0.313 

July,  

47 

21 

31 

0.194 

0.221 

Aug'ust,  

432 

37 

58 

0.362 

o.-a7 

September,  

220 

47 

78 

0.488 

0.54.5 

October,  

619 

28 

132 

0.8,5 

0.951 

November,  

220 

23 

86 

0.538 

0.6C0 

December,  

555 

47 

103 

0.644 

0.742 

The  year 

ISG 

1.164 

15.864 

Note. — On  account  of  ice  conditions  the  daily  discharge  from  Jan.  5 to  March  17,  Inclusive, 
estimated  from  oil  Creek  at  Konseville. 


CLARION  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Claiion  river,  one  of  the  largest  tributaries  of  the  Allegheny 
liver,  (liaining  an  area  of  approximately  1,232  square  miles,  rises 
in  seveial  branches  in  the  soulheni  part  of  McKean  county.  The 
upper  branches  flow  in  a general  southerly  directioir  to  Johnsonburg, 
Elk  county,  wheie  they  unite  to  form  the  Clarion  river  proper.  From 
this  point  the  river  hows  in  a general  southwesterly  direction,  in  a 
very  tortuous  course,  to  its  inoirth,  at  Foxburg,  a distance  of  ap- 
proximately 95  miles.  The  elevation  of  the  main  stream  at  Johnson- 
burg is  1,442  feet,  while  at  its  mouth  it  is  846  feet,  giving  an  average 
slope  of  six  and  one-half  feet  per  mile.  From  Johnsonhurg  the  river- 
hows  through  a fairly  broad  valley  until  it  jiasses  Ridgway,  Flk 
county,  where  it  enters  a deep  and  narr-orv  valley,  with  high  sides, 
which  gradually  increase  in  height  as  the  gorge  narrows,  so  that 
when  the  river  reaches  Clarioir  county  it  hows  in  a narrow  bed,  with 
very  high  precipitous  sides,  often  reaching  an  altitude  of  400  feet 
above  the  stream.  The  hillsides  below  Ridgway  have  been  practically 
deforested  of  their  virgin  tirrrber  and  are  now  covered  with  a heavy 
second  growth. 


ooo 


The  upper  portion  of  tlie  iiiaiu  valley  is  nioi  e thickly  inhabited  and 
more  largely  devoted  to  agiicultuie  than  is  the  lower  section,  in 
which  portion  the  nmin  vailev"  is  very  s]>;iissjy  inhabited  and  largely 
I'otest  cortued,  while  the  ]:]ateau  land,  on  either  side,  is  quite  gen- 
erally under  cultivation.  In  the  u[!]ier  jtortions  of  the  watersheds 
of  the  tributaries  much  of  the  tiitiher  has  been  destroyed  by  forest 
tires  and  lemoved  by  pul}>  aitd  paper’  companies,  Init  there  are  uum- 
eious  small  bituminous  c«ml  ope:ations,  while  in  the  lower  part  of  the 
main  valley  gas  rvells,  in  ccnsidetahle  tpittutities  are  operated.  Tn 
Mlk  county  the  tributaries  are  used  quite  considerably  for  domestic 
and  industrial  water  supply,  rvhile  in  Clarion  county,  Avitli  the  ex- 
( ejdiou  of  the  boiougli  of  Clarion,  Ihe  stieam  is  little  used.  In  Elk 
conntv  the  steam  is  l)adly  polluted  by  tanneries,  paper  mills  and 
c!  emieal  weiks.  The  main  tributaries  a’e  tb.e  West  Rraneb,  Elk, 
litth’  Tohv,  In  Ed^:  c(mnly,  and  Licking,  Deer,  Piney,  Toby  and  Big 
[Mills  creeks,  in  Claj  ion  county. 

The  mean  annual  precii>itation  over  this  W’atershed  is  from  40  to 
-bh  indies. 

Tlie  discbargo  has  been  measured  since  March,  lOOS,  at  Clarion, 
about  tliirty  miles  al)Ove  tlie  month. 


OHIO  P.AS IN— STATION  NO.  11. 


CLARION  RIVER  AT  CLARION,  PENNA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Weather  Bureau, 
on  Novemlier  17th,  1SS4,  and  is  located  on  the  single  span,  steel, 
Ihrough-truss,  highway  bridge,  about  one  mile  above  Clarion,  Pa. 
The  gage  is  maintained  and  operated  by  the  Weather  Bureau,  the 
Water  Snjqdy  Commission  taking  the  discharge  measurements  for 
the  rating  of  the  station. 

The  channel  is  straight  tor  800  feet  above  and  1,200  feet  below  the 
station.  The  banks  on  either  side  of  the  river  are  high  aird  do  not 
overllow.  The  bed  of  the  river  is  permanent,  being  composed  of 
rock,  gravel  and  boulders.  The  current  is  swift. 

On  November  22nd,  1009,  a Mott  gage  Avas  installed  to  replace  a 
staff  gage.  The  staff’  gage,  above  seven  feet,  was  on  an  oak  plank, 
Avliile  beloAv  ibis  pioint  the  graduations  Avere  painted  on  a sloping 
rock.  The  gage  Avas  located  near  the  right  abutment  and  could 
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not  be  read  during  exti  enie  low  stages.  The  Mott  gage  is  fastened  to 
the  downstream  liandiail  on  the  bridge  and  is  placed  on  the  same 
datum  as  the  original  staff  gage.  The  elevation  of  zero  of  the  gage 
is  1052  feet.  Bench  Mark  No.  1 is  top  line  of  right  abutment;  eleva- 
tion 1080.48  feeet.  The  gage  is  read  once  daily  by  J.  A.  Miller. 

On  account  of  the  unreliability  of  the  low  water  readings  up  to 
November  22nd,  1909,  the  Water  Supply  Commission  only  pub- 
lishes the  data  since  that  date. 

Since  the  estal)lishment  of  this  station,  21  discliarge  measure- 
ments have  been  made.  The  data  jtiior  to  1912  will  be  found  in  (he 
1910-11  report  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OE  CEARIDN  RIVER  AT  CLARION, 

CLARION  COUNTY,  PA. 

(Drainage  area  910  square  miles.) 


No. 

Date. 

*- 

Uydrographer. 

Widtli. 

I 

.iri'U  of  sect'on.  j 

1 

*o 

O 

jn 

tt, 

'Z 

6 

o 

fcij 

K 

C..* 

DeinarUs. 

Ft. 

Feet. 

So . 

per 

Feel . 

Sec. 

191» 

ft. 

sec. 

ft. 

19 

March  2G 

Doehrin^er  and  Knight 

193 

2727 

9.8t 

12.60 

2692S 

Surface 

msmt. 

20 

March  26 

Roehringer  and  Knight 

198 

2826 

9.97 

13 , OT) 

2S1S9 

Surface 

msmt. 

21 

March  26 

• 

Boehringer  and  Knight 

199 

2S37 

10.21 

13.11 

29250 

Surface 

msmt. 

DISCHARGE  TABLE  FOR  CLARION  RIVER  AT  CLARION,  CLARION 
COUNTY,  FROM  MARCH  20,  1908. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

.a 

fc£ 

o 

o 

tn 

a 

O 

Discharge. 

Gage  height. 

C3 

O 

Uj 

Gage  height. 

! Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  rr. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

—.60 

lOO 

.60 

1065 

.80 

3550 

6.00 

8020 

.20 

14300 

— .50 

110 

.70 

1135 

.90 

3710 

.10 

8260 

.30 

14620 

— .40 

120 

.80 

1210 

4.00 

3880 

.20 

8500 

.40 

14945 

—.30 

135 

.90 

1290 

.10 

4050 

.30 

8750 

.50 

15270 

—.20 

155 

2.00 

1370 

.20 

4220 

.40 

9000 

.60 

15595 

—.10 

180 

.10 

1460 

.30 

4-KlO 

.50 

9260 

.70 

15920 

0.00 

215 

.20 

1550 

.40 

4600 

.60 

9530 

.80 

16260 

.10 

250 

.30 

1640 

.50 

4800 

.70 

9800 

.90 

16580 

.20 

285 

.40 

1740 

.60 

5000 

.80 

lOOSO 

9.00 

16920 

.30 

325 

.50 

1840 

.70 

5200 

.90 

10370 

.10 

17260 

.40 

370 

.60 

1950 

.80 

5400 

7.00 

10660 

.20 

17600 

.50 

420 

.70 

2060 

.90 

5600 

.10 

10950 

.30 

17950 

.60 

470 

.80 

2180 

5.00 

5800 

.20 

11240 

.40 

18300 

.70 

520 

.90 

2300 

.10 

6010 

.30 

11.530 

,50 

18660 

.80 

570 

3.00 

2425 

.20 

6220 

.40 

11820 

.60 

19020 

.90 

620 

.10 

2550 

.30 

6440 

.50 

12120 

.70 

19380 

1.00 

675 

.20 

2680 

.40 

6660 

.60 

12420 

.80 

19750 

.10 

735 

.30 

2810 

.50 

6880 

.70 

12730 

.90 

20120 

.20 

795 

.40 

2950 

.60 

7100 

.80 

13010 

10.00 

20500 

.30 

860 

.50 

3005 

.70 

7330 

.90 

13350 

.40 

925 

.60 

3240 

.80 

7560 

8.00 

13660 

.50 

996 

.70 

3390 

.90 

7790 

.10 

139SO 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  CLARION  RIVER  AT  CLARION,  CLARION  COUNTY,  PA. 
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ESTIMATED  MONTHT.Y  DISCHARGE  OF  CLARION  RIVER,  AT  CLARION, 

CLARION  COUNTY,  PA. 

(Drainage  area  910  square  miles.) 


Discharge  in  Second-feet. 


Run-off. 


MONTH. 


1912. 

January 

February,  

March,  

April,  

May,  

June,  

July,  

August 

September,  

October,  

November 

December 

The  year,  . . . , 


Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  ic 
inches. 

1100 

1 209 

1 394 

' — 

830 

0 912 

0.9>3 

4430 

4.868 

5.613 

24000 

1640 

5150 

5. 989 

6.682 

6010 

925 

2430 

2.670 

3.078 

926 

S25 

624 

0.686 

0.766 

6880 

215 

854 

0.938 

1.082 

2550 

326 

729 

0.801 

0.9-3 

9260 

675 

1910 

2.099 

2.342 

7790 

520 

1750 

1.923 

2.217 

2420 

648 

1290 

1.418 

1.582 

7220 

• 648 

1570 

1.7S 

1.988 

1910 

2.103 

28.650 

Note. — River  frozen  Jan.  1 to  March  15.  inclusive,  daily  discharge  estimated  from  Red  Bank 
Creek  at  St.  Charles. 


re;P  bank  creek. 


DESCRIPTION  OF  BASIN. 

Red  Bank  creek,  an  important  feeder  of  the  Allegheny  river  from 
Jefferson,  Clarion  and  Armstrong  counties,  drains  an  area  of  ap- 
proximately 585  square  miles.  Rising  in  two  streams,  Sandy  Lick  and 
North  Branch,  the  former  heading  in  Clearfield  county,  and  the  lat- 
ter in  Jefi'erson  couirty.  Red  Bank  creek  is  formed  by  their  junction 
at  Biookville,  Jefferson  county,  and  thence  flows  in  a general  west- 
erly diiection,  with  many  twists  and  turns,  to  its  mouth  at  Red  Bank, 
a distance  of  about  J4  miles.  The  stream  flows  through  a hilly  coun- 
try,  sparsely  poprrlated,  except  in  the  valley  where  farming  and 
lumbering  is  carried  on.  The  slope  of  the  creek  is  rapid,  flowing  as 
it  does  in  a narrow  gorge  between  high  hills,  the  channel  being  full 
of  large  rocks.  The  junction  lies  at  an  approximate  elevation  of 
1,235  feet,  and  the  mouth  at  844  feet,  giving  the  stream  an  average 
fall  of  9 feet  per  mile.  There  are  a few  boroughs  and  numerous  vil- 
lages along  the  stream,  some  of  which  obtain  their  domestic  water 
supply  from  it.  Some  bituminous  coal  mining  and  oil  and  gas  wells 
are  found  in  this  basin. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
50  inches. 

The  discharge  of  this  stream  has  been  measured  at  St.  Charles, 
since  October  19th,  1909,  approximately  15  miles  above  the  mouth. 

15 
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OHIO  BASIN— STATION  NO.  12. 


RED  BANK  CREEK  AT  ST.  CHARLES,  PENNA. 


UESURIPTION  OF  STATION. 

This  station  was  established  on  October  Itttli,  1901),  by  the  Water 
Supply  Commission  of  l‘ennsylvania,  in  co-operation  with  the  Flood 
Commission  of  Pittsbuigh,  and  is  located  on  a single  span,  wooden, 
thi  ough-ti  uss  biidge  at  St.  Chai  les,  apinoximately  15  miles  above  the 
month. 

The  channel  is  straight  for  a short  distance  above  and  below  the 
station.  The  right  bank  overflows  in  extreme  high  stages,  while  the 
left  bank  is  high  and  not  snbject  to  overflow.  The  bed  is  composed 
of  large  locks  but  is  fairly  regular  and  permanent.  There  is  no 
velocity  at  low  stages. 

Discharge  measurements  are  taken  from  the  upstream  side  of 
the  bridge  and  b}^  wading  at  lowest  stages.  The  initial  point  for 
soundings  is  top  edge  of  bridge  seat,  north  abutment. 

A chain  gage  is  fastened  to  the  bridge  Hour  on  the  upstream  side, 
fifty  feet  from  the  north  abutment.  The  length  of  chain,  from  the 
bottom  of  the  weight  to  the  marker,  is  21.51:  feet.  The  elevatioir  of 
zero  is  arbitrary  datrrm.  Bench  Mark  No.  1 is  rod  seat  chiselled 
in  east  corner  stone,  uitper  course  of  nose  of  east  abutment  (left 
hand  looking  downstieamj  painted  white,  seven  feet  more  or  less 
below  top  of  bridge  seat;  elevation  13.32  feet  above  gage  datnm. 
Bench  Mark  No.  2 is  rod*  seat  in  southeast  corner  of  top  of  same 
abntment  (bridge  seat),  painted  white,  seven  feet  more  or  less  above 
B.  M.  No.  1;  elevation  20.21  feet  above  gage  datum.  The  gage  is 
read  twice  daily  by  W.  H.  Bish. 

Since  the  establishmerrt  of  this  station,  12  discharge  measurements 
have  been  made.  The  data  prior  to  1012  will  be  found  in  the  1910-11 
report  of  the  Water  Snpply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  RED  BANK  CREEK  AT  ST.  CHARLES, 

CLARION  COUNTY,  PA. 

(Drainage  area  S'/O  square  miles.) 


NO. 

Date. 

Hydi'Ograplier. 

1 

1 Width. 

Area  of  section. 

j Mean  velocity. 

j Gage  height. 

Discharge. 

RemarUs. 

Ft. 

Feet. 

S(]. 

per 

Feet. 

Sec. 

1913 

ft. 

sec. 

ft. 

12 

April  2 

Boehringer  & Knight, 

131 

484 

3.06 

3.04 

1482 

Surface  insmt. 

DISCHARGE  TABLE  FOR  RED  BANK  CREEK.  AT  ST.  CHARLES, 
CLARION  COUNTY,  FROM  JANUARY  1,  1912. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

1 

<ii 

fci] 

X/ 

v. 

c 

*01 

o 

tr, 

ct 

a 

6 

be 

a 

rr. 

*S 

A 

be 

a 

O 

oi 

tL 

c: 

V, 

P 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

0.60 

5 

.10 

420 

.60 

lb8o 

.10 

4030 

.60 

6805 

.70 

10 

.20 

470 

.70 

1710 

.20 

4215 

.70 

6990 

.80 

15 

.30 

520 

.80 

1840 

.30 

4400 

.80 

7175 

.90 

25 

.40 

670 

.90 

1975 

.40 

4-i85 

.90 

7300 

1.00 

40 

.50 

G30 

4.00 

2120 

.50 

4770 

7.00 

7545 

.10 

60 

.60 

700 

.10 

2275 

.60 

4955 

.10 

7730 

.20 

80 

.70 

770 

.20 

2440 

.70 

5140 

.20 

79L5 

.30 

110 

.80 

840 

.30 

2610 

.80 

5325 

.30 

8100 

.40 

140 

.90 

910 

.40 

2780 

.90 

5510 

.40 

8285 

.50 

175 

3.00 

990 

..50 

2950 

6.00 

5693 

.50 

8470 

.60 

210 

.10 

1070 

.60 

3125 

.10 

5880 

.60 

8655 

.70 

245 

.20 

1150 

.70 

3300 

.20 

6065 

.70 

8840 

.80 

285 

.30 

1240 

.80 

3475 

.30 

6210 

.80 

9025 

.90 

330 

.40 

1350 

.90 

3660 

.40 

6135 

.90 

9210 

2.00 

375 

.50 

1 

1465 

5.00 

3845 

.50 

6620 

8.00 

9395 

Note. — This  table  is  only  applicable  subseciucnt  to  .Jan.  1.  1912,  and  is  based  on  3 discharge 
measurements  made  during  1911-12-13,  together  with  former  curye. 


DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  RCD  BANK  CREEK  AT  ST.  CHARLES,  CLARION  COUNTY,  PA. 
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♦Creek  frozen  Jan.  6 to  Feb.  26,  inclusive,  and  daily  discharge  estimated  from  Allegheny  River  at  Kittanning.  flee  went  out.  $Ice  flow  running.  a Max. 
68  at  9:00  a.  m.  ; elOGOO  sec.  ft.  b Max.  9.88  at  9:00  a.  m. ; el2800  sec.  ft.  e Estimated. 


229 


ESTIMATED  MONTHLY  DISCHARGE  OF  RED  BANK  CREEK,  AT  ST. 
CHARLES,  CLARION  COUNTY,  PA. 

(Drainage  area  S.’/O  square  miles.) 


Discharge  in  Second-feet.  Kun-off. 

MONTH. 

1 

Second-feet 

Maximum. 

^lininmm. 

Mean.  per  square 

Depth  in 

■ 

mile. 

inches. 

1912. 

656  1.215 

1.401 

5900 

763  1.413 

1 5‘'4 

March 

5970 

95 

2220  4.111 

4.739 

April,  

S190 

339 

1S30  3.3S9 

3.781 

May,  

2850 

224 

S6d  1.604 

1.849 

June,  

79S 

42 

171  O'.  317 

0.374 

July 

eloeoc 

25 

848  1.570 

1.810 

August,  

8470 

131 

1350  2. SCO 

2.882 

September,  

C1280O 

245 

1200  2.222 

2.479 

October,  

4270 

175 

909  1.6S3 

1.940 

November,  

1240 

ISO 

549  1.017 

1.133 

December,  

3140 

150 

562  1.041 

1.200 

The  year 

994  1.840 

26.094 

Note. — e Estimated.  Creek  frozen  Jan.  6-Fcb.  26,  inclusive;  daily  discharge  estimated  from 
Allegheny  Kiver  at  Kittanning. 


MAHONING  CREEK, 


DESCRIPTION  OF  BASIN. 

Mahoning  creek,  a tiibntary  of  the  Allegheny  river  from  Arm- 
strong, Jeffeison,  Clear  held  and  Indiana  comities,  drains  an  area  of 
approximately  425  sqnaie  miles.  Rising  in  the  southwestern  part 
of  Clearfield  county,  this  stream  flows  in  a general  westerly  direction, 
with  many  windings,  through  a rough,  hilly  country,  to  a small  ex- 
tent covered  with  second-growth  timber,  to  its  moutli  at  Mahoning, 
on  the  Alleghen}"  liver,  a distance  of  approximately  (55  miles.  The 
headwaters  of  this  stream  are  barren  and  not  farmed  to  any  consider- 
able extent,  but  numerous  bituminous  coal  mines  are  located  in 
this  region.  In  the  lower  region  some  farming  is  carried  on.  The 
watershed  is  sparsely  inhabited,  although  a few  large  boroughs  are 
located  in  the  valley  of  the  stream.  The  valley  is  not  wide,  the  stream 
in  general  flowing  between  hills  and  often  rapid  in  its  descent,  but  at 
numerous  points  slow  and  sluggish.  The  channel  is  rocky  and  us- 
ually covered  with  boulders.  The  stream  is  not  used  for  domestic 
supply,  but,  to  some  extent,  for  industrial  purposes. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
50  inches. 

The  discharge  has  been  measured  since  October  18th,  1909,  at 
Furnace  Bridge  (Dee)  about  two  and  one-half  miles  above  the  mouth. 
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OHIO  BASIN— STATION  NO.  13. 


MAHONING  CREEK  AT  FURNACE  BRIDGE  (DEE),  PA. 


OESCEIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Sui)ply  Commission  of 
I’emisylvania,  in  co-operation  with  the  Flood  Commission  of  Pitts- 
burgh, on  October  ISth  1909,  and  is  located  on  a single  span,  steel, 
through  truss,  highway  bridge,  about  two  and  one-half  miles  above 
the  mouth,  at  the  village  of  Dee. 

The  channel  above  and  below  the  station  is  straight  for  SOO  feet 
and  150  feet  respectively.  Tlie  right  liank  is  liigh  and  not  subject 
to  overtlow,  while  the  left  bank  overflows  through  a very  small  sec- 
tion during  extreme  Hoods.  The  be<l  is  rocky  and  permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  and  br^  wading  at  low  stages.  The  initial  point  for 
soundings  is  top  edge  of  left  bridge  seat,  downstream  side. 

A standatd  chain  gage  is  attached  to  llie  downstream  handrail. 
The  length  of  chain  fjoni  bottom  of  weight  to  marker  is  25.20  feet. 
The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No.  1 is  up- 
stieani  corner,  right  abutment,  downstream  wing,  eighth  corrrse 
<lown  from  top;  elevation  17.13  feet  above  gage  datum.  Bench  Mark 
No.  2 is  u]>stieain  corner  of  stone  on  top  of  B.  M.  No.  1 ; elevation 
1S.51  feet  above  gage  datum.  Prior  to  February  2nd,  1910,  readings 
were  taken  on  a 11-foot  stall  gage  bolted  on  the  upstream  wing  of 
the  light  abutment,  Imt  on  January  19th,  1910,  this  gage  was  ear- 
ned out  by  ice,  the  present  chain  gage  replacing  the  same  and  being 
referred  to  the  same  datrrm.  The  gage  is  read  once  daily  by  J.  D. 
Bechtel. 

Since  the  establishment  of  this  station,  17  discliarge  measurements 
have  been  made.  Owing  to  the  gage  heights  being  unreliable,  only 
discharge  measurements  and  discharge  table  have  lieen  published. 
The  data  available  prior  to  1912  will  be  found  in  the  1910-11  report 
of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  MAHONING  CREEK,  AT  FURNACE 
BRIDGE  (DEE),  ARMSTRONG  COUNTY,  PA. 


(Drainage  area  ^20  square  miles.) 


No. 

Date. 

Hydrographer. 

Width. 

Area  of  section. 

1 Mean  velocity. 

Gage  height. 

Discharge. 

1 

Remarks. 

1913 

Feet. 

Sq. 

ft. 

Ft. 

per 

sec. 

Feet. 

Sec. 

ft. 

• 

17 

April  3 

Booliringer  and  Knigrht 

143 

471 

1.86 

3.52 

875 

Comb.  sur.  and  0.2  and 
O.S  depths. 

DISCHARGE  TABLE  FOR  MAHONING  CREEK,  AT  FURNACE  BRIDGE, 
(DEE),  ARMSTRONG  COUNTY,  FROM  OCTOBER  18,  1909. 


Gage  heiglit. 

Discharge. 

be 

’S 

c 

fee 

c3 

Discharge. 

b/; 

% 

Oi 

tfi 

B 

Discharge. 

4-^ 

’o) 

a/ 

= 

o 

Discharge. 

1 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

0.90 

6 

.90 

535 

.90 

2125 

.90 

5610 

.90 

10800 

1.00 

7 

3.00 

590 

5.04 

2240 

7.00 

6840 

9.00 

moo 

.10 

8 

.10 

650 

.10 

2360 

.10 

6070' 

.10 

11400 

.20 

10 

.20 

710 

.20 

2490 

.20 

6300 

.20 

11700 

.30 

15 

.30 

775 

.30 

2630 

.30 

6.550 

.30 

12025 

.40 

22 

.40 

840 

.40 

2780 

.40 

6800 

.40 

12350 

.50 

30 

.50 

905 

.50 

2940 

.50 

70-50 

.50 

12675 

.60 

40 

.60 

875 

.60 

3110 

.60 

7300 

.60 

13025 

.70 

55 

.70 

1050 

.70 

3280 

.70 

7550 

.70 

13375 

.80 

75 

.80 

1125 

.80 

3430 

.80 

7800 

.80 

13750 

.90 

100 

.90 

1200 

.90 

3620 

.90 

8050 

.90 

14125 

2..(H> 

125 

4.00 

1280 

6.00 

3800 

8.00 

8300 

10.00 

14500 

.10 

155 

.10 

1360 

.10 

3980 

.10 

8550 

.10 

14900 

.20 

185 

.20 

1445 

.20 

4160 

.20 

8800 

.20 

15300 

.30 

225 

.30 

1530 

.30 

43’0 

.30 

9050 

.30 

15725 

.40 

270 

.40 

1620 

.40 

4550 

.40 

932i.> 

.40 

16150 

.50 

320 

.50 

1710 

.50 

4750 

.50 

9600 

.50 

16600 

.60 

370 

.00 

1800 

.CO 

4950 

.60 

9900 

.70 

425 

.70 

1900 

.70 

5170 

.70 

10:00 

.80 

480 

.80 

2010 

.80 

5390 

.80 

10500 

Note. — Owing  to  the  gage  heights  at  this  station  being  unreliable, 
they  have  not  been  published  and  only  the  discharge  measurements 
and  discharge  table  are  furnished  herewith. 


# 
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OHIO  BASIN— STATION  NO.  14. 


ALLEGHENY  RIVER  AT  KITTANNING,  PENNA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Geological  Sur- 
vey on  August  IStli,  1904,  at  the  Market  Street  bridge,  in  the  hor- 
orrgh  of  Ivittanning.  On  April  1st,  1907,  this  station  was  taken  over 
by  the  Water  Supi»ly  Coininission  of  Pennsylvania,  which  has  been 
operating  it  since  that  date. 

The  cliannel  above  and  belorv  the  station  is  straight  for  500  feet 
and  1,000  feet  res])ectively.  Botli  banks  are  high  and  do  not  over- 
flow. The  bed  is  of  gravel  and  is  permanent.  The  current  is  swift, 
and  the  water  at  low  stages,  is  approximately  three  to  four  feet  deep 
in  the  first  three  channels  and  six  to  eight  feet  deep  in  the  last  two 
channels. 

Discliarge  measurements  are  made  from  the  downstream  side  of 
tlie  l)ridge,  rvliich  is  a live  S])an,  steel,  through  truss,  highway  bridge. 
The  initial  ]»oint  for  soundings  is  tlie  left  end  of  handrail,  down- 
stream side  of  bridge. 

A standard  cliain  gage  is  bolted  to  the  upstream  liandrail  in  the 
first  span  from  tlie  left  bank.  The  length  of  chain  from  bottom  of 
weight  to  marker  is  38.02  feet.  Elevation  of  zero  is  arbitrary  datum. 
Bench  Mark  No.  1 is  the  left  corner  of  top  course  of  stones  of  left 
abutment;  elevation  33.83  feet  above  gage  datum.  The  gage  is  read 
once  daily  by  Blaine  Mast. 

Since  the  establishment  of  this  station,  40  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  forrnd  in  the  1910-11 
report  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  ALLEGHENY  RIVER,  AT  KITTAN- 
NING, ARtMSTRONG  COUNTY,  PA. 

(Drainage  area  9,010  square  miles.) 


No. 

Hate. 

ITydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

<c 

to 

Ui 

o 

5 

Remarks. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

ft. 

sec. 

ft. 

1912 

Ft. 

40 

Dec.  8 

Boehringer,  

842 

8345 

4.12 

9.93 

34r)3 

Surface  msmt. 

DISCHARGE  TABLE  FOR  ALLEGHENY  RIVER  AT  KITTANNING,  ARM- 
STRONG COUNTY,  FROM  AUGUST  18,  1904. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

tc 

C3 

*0 

5 

Gage  height. 

1 1 

Discharge.  i 

j 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.30 

775 

.30 

1()535 

.30 

33725 

.30 

63220 

.30 

99590 

.40 

880 

.40 

109S0 

.40 

34400 

.40 

64040 

.40 

100600 

.50 

990 

.50 

11440 

.50 

35100 

.50 

64870 

.50 

101620 

.60 

IlOO 

.60 

11900 

.60 

35800 

.60 

65700 

.60 

102640 

.70 

1220 

.70 

12370 

.70 

36500 

.70 

66540 

.70 

103670 

• SO 

1340 

.80 

12840 

.80 

37200 

.80 

67390 

.80 

104711/ 

.00 

1465 

.90 

13315 

.90 

37900 

.90 

68240 

.90 

105750 

2.00 

1605 

6.00 

13800 

10.00 

38600 

14.00 

69100 

18.00 

106800 

.10 

1755 

.10 

14285 

.10 

39310 

.10 

69970 

.10 

107850 

.20 

lOL'O 

.20 

14770 

.20 

40020 

.20 

70840 

.20 

108910 

.30 

2085 

.30 

15260 

.30 

40730 

.30 

71720 

.30 

109970 

.40 

2260 

.40 

15755 

.40 

41440 

.40 

72600 

.40 

111040 

.50 

2445 

.50 

16250 

.50 

42150 

.50 

73490 

.50 

112120 

.60 

2640 

.60 

16760 

.60 

42860 

.60 

74380 

.60 

113200 

.70 

2850 

.70 

172SO 

.70 

43570 

.70 

75270 

.70 

114290 

.80 

3060 

.so 

17840 

.80 

44280 

.80 

76170 

-.80 

115390 

.90 

3270 

.90 

18410 

.90 

44990 

.90 

77080 

.90 

116490 

3.00 

3490 

7.00 

19000 

11.00 

45700 

15.00 

77900 

19.00 

117600 

.10 

3715 

.10 

19590 

.10 

46420 

.10 

78800 

.10 

118710 

.20 

3940 

.20 

20190 

.20 

47140 

.20 

79700 

.20 

119820 

.30 

4165 

.30 

20790 

.30 

47860 

.30 

80600 

.30 

120030 

.40 

4390 

.40 

21400 

.40 

4S590 

.40 

81500 

.40 

122050 

.50 

4620 

.50 

22025 

.50 

49320 

.50 

82410 

.50 

123170 

.60 

4850 

.60 

22650 

.60 

50050 

.60 

83320 

.60 

124290 

.70 

5080 

.70 

23275 

.70 

50780 

.70 

84230 

.70 

12^5410 

.80 

5335 

.80 

23900 

.80 

51520 

.80 

85150 

.80 

126540 

.90 

5580 

.90 

24525 

.90 

52260 

.901 

86070 

.90 

127670 

4.00 

5840 

8.00 

25150 

12.00 

53000 

16.00 

87000 

20.00 

12SS00 

.10 

61(» 

.10 

25800 

.10 

53750 

.10 

87930 

21.00 

140200 

.20 

6380 

.20 

26450 

.20 

54510 

.20 

88870 

22.00 

152000 

.30 

6660 

.30 

27100 

.30 

552S0 

.30 

89810 

23.00 

164200 

.40 

69o6 

.40 

27750 

.40 

56060 

.40 

90760 

24.00 

176800 

.50 

7260 

.50 

28400 

.50 

56840 

.50 

91720 

25.00 

189600 

.60 

7600 

.60 

29050 

.60 

57630 

.60 

92680 

26.00 

203000 

.70 

7985 

.70 

29700 

.70 

58420 

.70 

93650 

27.00 

217000 

.80 

8375 

.80 

3:’350 

.80 

59210 

.80 

94C30 

2S.0O 

231000 

.90 

8775 

.90 

31025 

.90 

60000 

.90 

a'.610 

29.00 

245000 

5.00 

9200 

9.00 

31700 

13.00 

60800 

17.00 

96600 

30.00 

259000 

.10 

9635 

.10 

32375 

.10 

61600 

.10 

97590 

.20 

10080 

.20 

33050 

.20 

62410 

.20 

98590 

DAILY  iMEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  ALLEGHENY  RIVER  AT  KITTANNING,  ARMSTRONG  COUNTY, 
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ESTIMATED  xMONTHLY  DISCHARGE  OP  ALLEGHENY  RIVER,  AT  KIT- 
TANNING, ARMSTRONG  COUNTY. 

(Drainage  area  9,010  square  miles.) 


MONTH. 

Discharge  in  Second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

January,  

39700 

84200 

13100 

11900 

1.454 

1.321 

1.676 

1.425 

March,  

106000 

IICOO 

42394 

4.V(B 

5.424 

April,  

169000 

12400 

45467 

5.046 

5.630 

May 

50000 

5580 

ISSIO 

2.091 

2.411 

June,  

63Sa 

1760 

3605 

0.400 

0.446 

33000 

4140'D 

1310 

1920 

5623 

7970 

0.624 

0.885 

0.719 

1.020 

August 

September,  

95600 

5460 

17799 

1.975 

2.204 

October 

65700 

3940 

15532 

1.724 

1.987 

November,  

31000 

3940 

12.585 

1.397 

1.559 

Uecember,  

38100 

5340 

1.5100 

1.676 

1.932 

The  year,  

16.9000 

17400 

1.943 

26.433 

Note. — River  frozen  .Ian,  8 to  Feb.  26,  inclusive,  and  discharge  estimated  from  West  Br. 
Susquehanna  River  at  Williamsport.  Blacklick  Creek,  Brokenstraw  Creek  and  climatological 
records. 


CROOKED  CREEK. 


DESCRIPTION  OF  BASIN. 

Crooked  creek,  a tributary  of  the  xAllegbeny  river  iu  xA.rmstrong 
county,  drains  aiiproximatel}’  290  square  miles.  Rising  in  numerous 
branches  in  the  west  central  part  of  Indiana  county,  it  follows  first 
a general  southwesterly  course  through  a coal  mining  and  farming 
region  to  the  Indiana-xArmstrong  count}"  line,  and  then  turns  north- 
west through  a sparsely  settled  farming  region  to  its  mouth  at  Ross- 
town,  a total  distance  of  airproximately  54  miles. 

This  basin,  is  largeh"  deforested,  and  in  some  sections  the  hillsides 
are  bare.  The  elevation  of  the  source  of  Crooked  creek  is  about  1,400 
feet,  and  of  the  mouth  786  feet.  Near  tlie  headwaters  the  slope  is  steep, 
averaging  in  seven  and  one-half  miles  about  40  feet  per  mile,  while 
below  this  point  to  its  mouth,  a distance  of  approximately  46  miles, 
the  rate  of  fall  is  very  uniform,  being  at  +he  rate  of  7 feet  per  mile. 
The  principal  tributaries  are  Plum  aiid  Cherry  creeks.  This  creek 
flows  in  a broad  valley,  which  lies  about  300  to  400  feet  below  the 
elevation  of  the  adjacent  hills,  the  bottom  is  stony  and  the  stream 
tortuous  in  its  course. 
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Xunieious  fanuiug  and  coal  mining  villages  lie  in  this  drainage 
area,  and  some  of  these  obtain  water  suj)plies  from  the  stream  or 
its  tributaries.  The  stieani  pro})er  is  badly  polluted  by  effluents 
from  coal  washing  at  the  mines. 

The  mean  aunnal  precipitation  over  this  watershed  is  from  40 
to  45  inches. 

The  discharge  has  been  measured  since  October  16,  1909,  at  Hile- 
nian’s  Farm,  approximately  3 miles  above  the  mouth. 


OHIO  BASIN— STATION  NO.  15. 


CROOKED  CREEK  AT  HILEMAN’S  FARM,  ARMSTRONG  CO., 

PENNA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  Occober  16,  1909,  by  the  Water 
Supply  Commission  of  I'eninsyivania,  in  co-operation  with  the  Flood 
Commission  of  Fittsbuigh,  and  is  located  about  3 miles  above  the 
mouth,  and  about  34  miles  from  Ford  City,  on  a single  span,  steel, 
thiongh  truss,  highwa}^  bridge. 

The  channel  is  stiaiglit  for  800  feet  above,  and  500  feet  below  the 
station.  Both  banks  aie  high  and  do  not  overflow.  The  bed  of  the 
stream  is  rocky,  the  water  deep,  and  velocity  is  slightlit  low  stages. 

Discharge  measnrements  aie  taken  from  the  downstream  side  of 
the  bridge  dining  medium  and  high  stages,  and  by  wading  at  low 
stages.  The  initial  point  for  soundings  is  top  edge  of  bridge  seat, 
I'ight  abutment. 

On  October  16,  1909,  a staff  gage  was  bolted  to  the  upstream  face 
of  the  right  abutment,  but  on  January  16,  1910,  this  gage  was  car- 
lied  away  by  the  ice.  On  Febrnary  3,  1910,  a standard  chain  gage 
was  placed  on  the  upstream  handrail  near  the  right  bank.  Length 
of  chain  from  bottom  of  weight  to  marker  is  22.70  feet.  The  eleva- 
tion of  zeio  is  arbitrary  datum.  Bench  Mark  No.  1 is  on  top  of  stone 
in  upstream  face  or  wing  of  right  abutment,  2 inches  from  right  end 
of  stone;  stone  is  7th  course  down  from  bridge  seat,  and  8th  stone 
in  from  face,  6 feet  more  or  less  from  top  of  w'all ; elevation  12.95 
feet  above  gage  datum.  The'gage  is  read  twice  daily  by  J.  T.  Hile- 
man. 

Since  the  establi.shment  of  this  station,  13  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  CROOKED  CREEK,  AT  HIEEMAN’S 
FARM,  ARMSTRONG  COUNTY,  PA. 

(Drainage  area  27.9  square  miles.) 


No. 

Date. 

Ilydrographer. 

1 

Width. 

Area  of  section. 

Mean  velocity. 

1 Gage  height. 

1 ..  _ 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1913 

ft. 

see. 

ft. 

13 

April  3 

Boehringer  & Reckord 

134 

378 

0.95 

2.37 

360 

0.2  and  0.8  msmt. 

DISCHARGE  TABLE  FOR  CROOKED  CREEK,  AT  HILEMAN’S  FARM, 
ARMSTRONG  COUNTY,  FROM  OCTOBER  16,  1909. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge.  j 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

0.50 

2 

.60 

359 

.70 

2180 

.80 

4770 

.90 

8700 

.60 

2 

.70 

403 

,80 

2300 

.90 

4920 

9.00 

8900 

.70 

2 

.80 

451 

.90 

2420 

7.00 

5070 

.10 

9100 

.80 

3 

.90 

600 

5.00 

2E30 

.10 

5230 

.20 

9300 

.90 

B 

3.00 

555 

.10 

2640 

.20 

5390 

.30 

9500 

1.00 

7 

.10 

620 

.20 

2750 

.30 

5560 

.40 

9700 

.10 

11 

.20 

690 

.30 

2860 

.40 

6730 

.50 

9900 

.20 

18 

.30 

770 

.40 

2980 

.50 

5910 

.60 

101 00 

.30 

26 

.40 

850 

.50 

3090 

.60 

6100 

.70 

10300 

.40 

36 

.50 

040 

.60 

3200 

.70 

6300 

.80 

10500 

.50 

43 

.60 

1030 

.70 

SSif) 

.80 

6300 

.90 

10700 

.60 

61 

.70 

1120 

.80 

3440 

.90 

6700 

10.00 

10900 

.70 

77 

.80 

1220 

.90 

3.560 

8.00 

6900 

.10 

11100 

.80 

97 

.90 

1320 

6.00 

3680 

.10 

7100 

.20 

11300 

.90 

120 

4.00 

1420 

.10 

3810 

.20 

7309 

.30 

11500 

2.00 

145 

.10 

1520 

.20 

3940 

.30 

7500 

.40 

11700 

.10 

174 

.20 

1630 

.30 

4070 

.40 

7700 

.50 

11900 

.20 

205 

.30 

1740 

.40 

4200 

.50 

mo 

.60 

12100 

.30 

240 

.40 

1850 

.50 

4340 

.60 

8100 

.40 

278 

.50 

1960 

.60 

4480 

.70 

8300 

.50 

318 

( .60 

1 

2070 

4620 

.80 

8500 
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ESTIMATED  MONTHLY  DISCHARGE  OF  CROOKED  CREEK,  AT  HILE- 
MAN’S  FARM,  ARMSTRONG  COUNTY,  PA. 

(Drainage  area  379  square  miles. J 


Discharge  in  Second-feet.  Run-off. 

MONTH.  

Second-feet 

Maximum.  .Minimum.  Mean.  per  square  ‘ Depth  in 

mile.  inches. 


1912. 

January 81S0  106  440  1.577  I.SIS 

February 243  0.S71  ' 0.939 

March 1210  4.337  5.000 

April 2790  143  641  2.297  2.563 

May,  1510  41  293  1.057  1.219 

June 71S0  11  526  1.S85  2.104 

July 4760  11  474  1.699  1.959 

August,  3720  222  , 725  , 2.599  2.997 

September 8500  69  954  i 3.419  3.815 

October 4410  4S  6U  i 2.190  2.525 

November Sc;0  26  170  | 0.609  0.680 

December 3500  77  596  2.136  2.463 


The  year 574  2.056  2S.0S2 


Note.— On  account  of  ice  conditions  the  daily  discharge  from  Feb.  18  to  March  14,  inclusive, 
was  estimated  from  climatological  records. 


BLACK  LICK  CREEK. 


DESCRIPTION  OF  BASIN. 

Black  Lick  creek,  one  of  the  largest  of  the  tributaries  of  the  Cone- 
iiiaugh  river,  is  formed  by  the  junction  of  the  Korth  and  South 
Branches  on  the  line  between  Indiana  and  Cambria  counties  at  Vin- 
tondale.  It  thence  flows  Avesterlj’  through  the  southern  part  of  In- 
diana county  for  about  26  miles  to  its  mouth  near  Blairsville.  The 
total  drainage  area  tributary  above  its  mouth  is  412  square  miles. 
The  North  Branch  rises  in  the  southwestern  part  of  Carroll  town- 
ship, at  an  elevation  of  2,000  feet,  and  is  16  miles  long,  draining  70 
square  miles,  and  the  latter  rises  in  the  northern  part  of  Cambria, 
township  and  is  approximately  the  same  length,  draining  48  square 
miles. 

In  its  extreme  upper  portion  the  North  Branch  flows  through  a 
steep  mountainous  country,  while  the  lower  portion  contains  more 
cleared  land,  is  more  Inhabited  and  the  hills  are  lower  and  less  steep. 
The  watershed  of  the  South  Branch  is  similar  but  is  more  inhabited 
and  includes  considerable  bituminous  coal,  which  is  being  actively 
mined. 

The  valley  of  the  main  creek  is  rather  broad,  with  numerous  wide 
flat  areas,  similar  to  the  one  at  its  junction  with  its  chief  tributary. 
Two  Lick  creek,  at  Josephine.  The  rounded  hills,  which  rise  some 
400  or  500  feet  on  either  side  are  often  wooded. 
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IJelow  the  forks  of  the  North  and  South  Branches  and  extending 
to  its  month  and  up  Two  Lick  creek,  is  an  extensive  bituminous 
coal  field.  The  main  valleys  are  largely  under  cultivation,  but  nu- 
merous tributaries  drain  areas  densely  covered  with  second  growth. 

The  sloi)e  between  the  forks  and  mouth  is  18.3  feet  per  mile,  quite 
sluggish  at  some  points  and  exceedingly^  rapid  at  others. 

The  North  and  South  Blanches  and  Two  Lick  creek  are  all  used 
for  domestic  and  industrial  supply,  as  well  as  certain  other  tribu- 
taries, while  the  use  of  water  from  tlie  main  stream  and  the  tribu- 
tary ])y  coal  mines,  steel  works,  etc.  is  extensive. 

The  mean  annual  pieci])itation  over  this  watershed  is  from  40  to 
50  inches. 

The  discliarge  lias  been  measured  since  August  IGth,  1004,  at  Black 
Lick,  just  below  the  mouth  of  Tavo  Lick  creek. 


OHIO  BASIN-^STATION  NO.  16. 


BLACK  LICK  CREEK  AT  BLACK  LICK,  PENNA. 


DE.SCUIPTION  OF  STATION. 

This  station  Avas  established  by  the  United  States  Geological  Sur- 
vey on  August  loth,  1904.  On  July  15th.,  1906,  it  Avas  discontinued 
by  the  Survey  and  on  January  8th,  1907,  it  Avas  re-established  by 
the  Water  Supply  Commission  of  Pennsylvania,  which  has  been 
operating  the  station  since  that  date.  It  was  originally  located  at 
a covered  Avooden  highAvay  bridge  one-quarter  of  a mile  from  the 
railroad  station  at  Black  Lick,  but  during  September,  1905,  this 
bridge  Avas  torn  doAvn  and  was  replaced  by  a three-span,  steel, 
through  truss,  highway  bridge. 

The  channel  above  the  station  is  straight  for  2,000  feet,  while  be- 
loAV  it  is  straight  for  250  feet,  to  an  island,  at  which  point  it  bends 
to  the  right.  The  right  bank  is  high  and  not  .subject  to  overflow, 
Avhile  the  left  bank  overfloAvs  above  gage  height  11.5  feet.  The  bed 
is  of  gravel,  sand  and  boulders  and  is  permanent. 

Discharge  measurements  are  made  from  the  upstream  side  of  the 
bridge  at  ordinary  stages;  from  a coal  tipple  one-quarter  mile  above 
the  bridge  at  high  stages;  and  by  wading  above  the  bridge  at  ex- 
treme loAV  stages.  Initial  point  for  soundings  at  the  highway  bridge 
is  the  first  angle  post  in  upstream  handrail  at  left  bank. 
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A standard  chain  gage  was  established  November  9th,  1905,  on 
the  present  biidge,  being  referred  to  the  same  datnm  as  the  former 
gage  on  the  covered  biidge.  While  the  steel  bridge  was  under  con- 
strnction,  the  stage  of  the  creek  was  observed  on  a staff  gage,  to  the 
same  datnm  as  the  original  gage.  The  present  gage  is  bolted  to  the 
upstream  side  of  the  bridge.  The  length  of  the  chain  from  the  bot- 
tom of  the  weight  to  the  marker  is  20.1  G feet.  The  elevation  of  zero 
is  arbitrary  datum.  Bench  Mark  No.  1 is  nail  in  first  maple  tree 
from  door  of  Maynard’s  house,  one  foot  above  the  ground,  driven 
horizontally,  and  bent  over  one  inch  from  the  head;  elevation  13.92 
feet  above  gage  datnm.  Bench  Mark  No.  2 is  head  of  four  spikes 
driven  into  the  root  of  a large  maple  45  feet  from  edge  of  low  water 
and  about  190  feet  upstream  from  bridge;  elevation  12.9G  feet  above 
gage  datum.  Bench  Mark  No.  3 is  upper  edge  of  horizontal  cross 
plate  at  elevation  of  guard  rail  on  upstream  side  of  bridge,  4.3  feet 
from  initial  point  for  soundings  elevation  14.43  feet  above  gage 
datum.  The  gage  is  read  twice  dally  by  D.  J.  Walling. 

Two  Lick  Creek  enters  the  stream  about  three-fourths  of  a mile 
above  the  bridge.  Two  miles  upstream  is  a ten-foot  wooden  dam  used 
by  the  Josephine  Furnace  and  Coke  Company  for  generating  elec- 
tricity for  their  plant. 

Since  the  establishment  of  this  station  26  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  BLACK  LICK  CREEK,  AT  BLACK 
LICK,  INDIANA  COUNTY,  PENNA. 

(Drainage  area  S86  square  miles. J 


No. 

Date. 

Hydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

22 

1912 

Dec.  6 

Boelirlnger,  

Feet. 

203 

Sq. 

ft. 

985 

Ft. 

per 

sec. 

2.41 

Feet. 

5.30 

Sec. 

ft. 

2372 

Surface  msmt. 

23 

1913 

Jan.  9 

Reckord 

208 

1346 

4.04 

7.01 

5442 

Surface  msmt. 

24 

Jan.  9 

Keckord 

208 

1294 

3.85 

6.72 

4976 

Surface  msmt. 

25 

Jan.  9 

Reckord 

208 

1211 

3.. 51 

6.39 

4255 

Surface  msmt. 

26 

Jan.  12 

Reckord 

209 

1685 

5.43 

8.60 

9153 

Surface  msmt. 

16 
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DISCHARGE  TABLE  FOR  BLACK  LICK  CREEK,  AT  BLACK  LICK,  IN- 
DIANA COUNTY,  FROM  JANUARY  1,  1912. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

i 

1 

Discharge. 

Gage  height. 

Discharge, 

.a 

0) 

bti 

cd 

O 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

1.90 

8 

.20 

1140 

.50 

4455 

.80 

9320 

.10 

15210 

2.00 

21 

.30 

123^> 

.60 

4655 

.90 

9540 

.20 

15500 

.10 

3S 

.40 

1320 

.70 

4855 

9.00 

9760 

.30 

15795 

.20 

59 

,50 

1420 

.80 

5060 

.10 

9990 

.40 

16090 

.30 

S3 

.60 

1520 

.90 

5270 

.20 

10220 

.50 

16390 

.40 

110 

.70 

1620 

7.00 

5480 

.30 

10460 

.60 

16690 

.50 

140 

.80 

1730 

.10 

5690 

.40 

10700 

.70 

16995 

.00 

173 

.90 

1845 

.20 

5900 

.50 

10950 

.80 

17300 

.70 

2a') 

5.00 

1960 

.30 

6110 

.60 

11300 

.90 

17610 

.80 

240 

.10 

2090 

.40 

6320 

.70 

11450 

12.00 

17920 

.90 

2S0 

.20 

2230 

.50 

6530 

.80 

11700 

.10 

18235 

3.00 

320 

.30 

2375 

.60 

6740 

.90 

11950 

.20 

18550 

.10 

366 

.40 

S25 

.70 

6950 

10.00 

12200 

.30 

18895 

.20 

415 

.50 

2680 

.80 

7160 

.10 

12460 

.40 

19240 

.30 

470 

.60 

2840 

.90 

7370 

.20 

12720 

.50 

19585 

.40 

525 

.70 

3000 

8.00 

7580 

.30 

12985 

.60 

19P30 

..50 

590 

.so 

3165 

.10 

7790 

.40 

13250 

.70 

2028.5 

.60 

660 

.90 

3335 

.20 

sooo 

.50 

13525 

.80 

20640 

.70 

730 

6.00 

3510 

.30 

8220 

.60 

13800 

.90 

21020 

.so 

805 

.10 

3690 

.40 

8440 

.70 

14080 

13.00 

21400 

.90 

o5 

.20 

3S75 

.50 

8660 

.80 

14360 

4.00 

965 

.30 

4060 

.60 

8880 

.90 

14640 

.10 

1060 

.40 

4255 

.70 

9100 

11.00 

14920 

Note. — This  talilo  is  only  applicable  subseejnent  to  Jan.  1,  1912,  and  is  based  on  5 discharge 
msints.  made  during  1912  and  1913,  together  with  former  curye. 


DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  BLACK  LICK  CREEK,  AT  BLACK  LICK,  INDIANA  COUNTY, 
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'Creek  frozen  across.  flee  going  out.  tice  all  out  of  creek.  On  Feb.  20th  lee  gorge  formed  h mile  above  gaging  station  15  ft.  high,  went  out  Feb.  26th.  a Max 
0'  at  7 a.  m.;  11200  sec.  ft.  b Max.  11.10'  at  1 p.  m.;  15200  sec.  ft.  c Max.  6.42'  at  1 p.  m.;  4300  sec.  ft.  d Max.  7.36'  at  6 p.  m.;  6240  sec.  ft.  e Max.  9.60'  at 
p.  'm.;  11200  sec.  ft.  f Max.  7.90'  at  7 p.  m.;  7370  sec.  ft.  g Max.  12.90'  at  noon;  21000  sec.  ft.  h Max.  7.10'  at  6 p.  m.;  5690  sec.  ft. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  BLACK  LICK  CREEK,  AT 
BLACK  LICK,  INDIANA  COUNTY,  PA. 

(Drainage  area  386  square  miles.) 


MON'I’II. 

Discharge  in  Second-feet. 

Run-off. 

Maxiimim. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

.Tamiary,  

1930 

308 

675 

1.749 

2.017 

February,  

11200 

119 

1006 

2.606 

2.811 

Maiflj,  

15200 

380 

2583 

6.692 

7.715 

April,  

4300 

577 

1217 

3.1.53 

3.518 

May,  

C240 

233 

908 

2.352 

2.711 

June 

11200 

59 

689 

1.785 

1.992 

Jul.y 

7370 

80 

791 

2.0'19 

2.362 

August,  

974 

198 

4S9 

1.267 

1.461 

Seiilember,  

21000 

205 

1716 

4. 446 

4.961 

October,  

5090 

166 

853 

2.210 

2.548 

November 

1090 

192 

419 

1.0$5 

1.210 

December,  

2500 

198 

622 

1.611 

1.857 

'J'he  year,  

21000 

69 

997 

2.584 

33.163 

LOYALHANNA  CREEK. 


Di:scRiPTiON  OP  i;asin, 

Loyalliauiia  creek,  an  important  triV)ntary  of  the  Kiskiminetas 
river,  draining  an  area  of  approximately  300  square  miles,  rises  in 
the  sontliern  i)art  of  Westmoreland  county,  Pa.,  and  flows  in  a 
northerly  direction,  for  a distance  of  about  45  miles,  to  its  mouth, 
at  the  junction  of  the  Conemaugh  and  Kiskiminetas  rivers.  In  the 
njqter  watershed  it  flows  through  a narrow  valley  between  Chestnut 
and  Laurel  Ridges,  the  course  being  very  circuitous,  for  a distance 
of  al)out  15  miles,  at  which  point  it  breaks  through  Chestnut  Ridge 
into  a succession  of  wide,  flat,  bottom  lands,  well  populated  by  a 
coal  mining  and  agricnltnral  community,  the  hills  becoming  low  and 
I'olling.  The  fall  of  the  creek,  from  the  foot  of  Chestnut  Ridge  to 
its  month,  a distance  of  approximately  27  miles,  is  rather  uniform 
at  the  rate  of  about  six  feet  ])er  mile.  In  the  gap  through  Chestnut 
Ridge  Ihe  creek  falls  100  feet  in  a distance  of  four  miles,  or  at  the 
I'ate  of  25  feet  per  mile.  There  are  numerous  large  tributaries  at 
the  headwaters  of  this  stream,  but  in  its  lower  reaches  they  become 
mnch  smaller  and  are  of  little  importance.  The  stream  is  polluted 
by  mine  waste  from  Chestnut  Ridge  to  its  mouth.  There  are  numer- 
ous towns  in  this  watershed,  the  largest  of  which  are  Latrobe  and 
Ligonier. 

Loyalhanna  creek  and  several  of  its  tributaries  are  used  for  com- 
mercial and  industrial  water  supply  purposes. 
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The  meaii  aiiiiiial  i»iecipitation  ovev  tlie  upper  watershed  is  from 
45  to  50  iiic-hes,  while  the  lower  portion  is  from  35  to  45  inches. 


OHIO  BASIN— STATION  NO.  17. 


LOYALHANNA  CREEK  NEAR  NEW  ALEXANDRIA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  October  7th,  1910,  by  the  Flood 
Commission  of  I’ittsbuigh,  and  is  located  on  the  single  span,  steel, 
tlirough-tiuss,  highwai"  biidge  about  one  and  one  half  miles  below 
New  Alexandiia,  Westmoreland  Couiiti",  I’a.  On  February  1st, 
1912,  the  station  was  discontinued,  but  again  re-established  on  April 
24th,  1912,  by  the  Water  Supply  Commission  of  Pennsylvania.  Dur- 
ing the  period  June  18th  to  July  31st,  inclusive, uio  readings  were 
taken  due  to  repairs  being  made  to  the  bridge  upon  which  the  gage  is 
located. 

The  channel  is  straight  for  one  hundred  feet  above  and  one  thou- 
sand feet  below  the  station.  The  right  bank  is  high  and  does  not 
overflow,  while  the  left  bank  overflows  during  extreme  high  stages. 
The  bed  is  gravelly  and  is  permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge  and  by  wading  either  above  or  below  the  station  during 
low  water.  The  initial  point  for  soundings  is  top  edge  of  left  abut- 
ment, 1.8  feet  from  end  of  handrail,  downstream  side  of  bridge. 

A chain  gage  is  fastened  to  the  floor  of  the  bridge,  eighty-seven 
feet  from  the  initial  point  for  soundings,  dowuistream  side.  The 
length  of  the  chain  from  the  bottom  of  the  weight  to  the  center  of 
the  marker  is  24.11  feet.  The  elevation  of  zero  is  909.34  feet.  Bench 
Mark  No.  1 is  bridge  seat,  west  side,  north  abutment;  elevation 
932.89  feet  or  23.55  feet  above  gage  datum.  The  gage  is  read  by  S. 
A.  Hollis. 

Since  the  establishment  of  this  station  17  discharge  measurements 
have  been  made. 

The  data  prior  to  1912,  ivhich  was  furnished  by  the  Flood  Com- 
mission of  Pittsburgh,  will  be  found  in  the  1910-11  Report  of  the 
Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  LOTALHANNA  CREEK,  NEAR  NEW 
ALEXANDRIA,  WESTMORELAND  COUNTY,  PA. 

(Drainage  area  270  square  miles.) 


No. 

Date. 

Hydrographer. 

ja 

Area  of  section. 

1 

Mean  velocity. 

Gage  height. 

Discharge'. 

Remarks. 

1913 

Feet. 

Sq. 

ft. 

Ft. 

per 

sec. 

Feet. 

Sec. 

ft. 

' 

11 

Dec.  7 

1913 

Boehringer 

120' 

296 

1.42 

2.68 

421 

0.6  msmt. 

12 

Jan.  9 

Boehringer  & Hink- 
ley. 

14-i 

733 

3.40 

5.60 

2452 

Surface  msmt. 

13 

Jan.  IQ 

Boehringer  & Hinlr- 
ley. 

138 

55S 

2. 87 

4.401 

1662 

Surface  msmt. 

14 

Jan.  10 

Boehringer  & Hink- 
ley. 

13S 

54 -i 

2.G7 

4.30 

1451 

Surface  msmt. 

15 

Jan.  10 

Boehringer  & Hink- 
ley. 

13S 

535 

2.55 

4.19 

1341 

Surface  msmt. 

16 

Jan.  10 

Boehringer  & Hink- 
ley. 

136 

523 

2.38 

4.11 

1247 

Surface  msmt. 

17 

Jan.  11 

Boehringer  & Hink- 
ley. 

141 

577 

2. 89 

4.52 

1671 

Surface  msmt. 

f 

DISCHARGE  TABLE  FOR  LOYALHANNA  CREEK,  NEAR  NEW  ALEX- 
ANDRIA, WESTMORELAND  COUNTY,  FROM  JAN.  I,  1912. 


Gage  height. 

bX) 

cS 

fj 

w 

5 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

sec.  IT. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.50 

33 

.70 

400 

.90 

1145 

.10 

2100 

.30 

3315 

.60 

52 

.80 

445 

4.00 

1220 

.20 

2190 

.40 

3430 

.70 

72 

.90 

497 

.10 

1295 

.30 

2280 

.50 

3545 

.80 

95 

3.00 

550 

.20 

1370 

.40 

2375 

.60 

3660 

.90 

120 

.10 

605 

.30 

1445 

.50 

2470 

.70 

3775 

2.00 

145 

.20 

665 

.40 

1525 

.60 

2570 

.80 

3890 

.10 

175 

.30 

7^ 

.50 

1605 

.70 

2670 

.90 

4010 

.20 

205 

.40 

790 

.60 

1685 

.80 

2770 

7.00 

4130 

.30 

238 

.50 

860 

.70 

1765 

.90 

2875 

.40 

272 

.60 

930 

.80 

1845 

6.00 

2980 

.50 

zn 

.70 

1000 

.90 

1930 

.10 

3090 

.60 

355 

.80 

1070 

5.00 

2015 

.20 

SiMO 

Note.-— This  table  is  only  applicable  subsequent  to  Jan.  1,  1912,  and  is  based  on  7 discharge 
measurements  made  during  1912-1913,  together  with  former  curve. 


DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  LOYALHANNA  CREEK,  NEAR  NEW  ALEXANDRIA,  WESTMORE 

LAND  CO  UNTY,  PA. 
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♦Frozen.  Discharge  Jan.  9 to  19  inclusive,  estimated  from  Black  Lick  Cr.  at  Black  Lick,  flee  went  out.  a Station  discontinued.  Re-established  April  24. 
b Gage  removed  on  account  of  repairs  to  bridge.  Replaced  July  31.  c Partly  frozen.  Jlnterpolated. 
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ESTI.MATED  MONTHLY  DISCHARGE  OP  LOYALHANNA  CREEK,  NEAR 
NEW  ALEXANDRIA,  WESTMORELAND  COUNTY. 

(Drainage  area  270  square  miles.) 


MONTH. 

Discharge  in  Second-feet. 

Run-off. 

Maximum. 

Minimum. 

Moan. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

loi::. 

527 

1.932 

2.250 

Mav,  

951 

2X5 

425 

1.574 

1.815 

August,  

3430 

305 

565 

2.m 

2.413 

September,  

2570 

205 

629 

2.330 

2.600 

October 

1520 

120 

435 

1.611 

1.837 

November,  

497 

120 

220 

0.815 

0.910 

December,  

1410 

95 

272 

1.007 

1.161 

Note. — Creek  frozen  .Tan.  ft-10  inclnsive,  disoliarge  estim.ated  from  Black  Lick  Creek  at  Black 
I.ick.  Keb.  l-April  23,  iiicUisive.  station  not  in  oiieratiou.  June  13-Jul.y  31,  inclusive,  no 
readings  taken  on  ucconnt  of  repairs  to  bridge. 


KISKIMINETAS  RIVER. 


DESCRIPTION  OP  BASIN. 

Tlie  Kiskiniiiietas  livei-  is  llic  largest  tiibntavy  of  the  Allegheny, 
and  joins  it  ne:ii'  Fi-eeiioit,  a|>iti  oxiinately  dO  miles  above  Pittsburgh, 
in  the  northwestern  corner  of  Westmoreland  county.  It  is  known 
Ity  this  name  :ts  far  as  the  mouth  of  Loyalhanna  creek,  27  miles  up, 
above  whicli  jioint  it  is  called  tbe  Conemaugh  river.  The  total  drain- 
age area  of  tlie  stream  is  1892  square  miles. 

The  Coneimiugh  river  pro])er  is  formed  by  the  junction  of  the  Little 
Conemaugh  and  Stony  cieek  at  -Tohnstown.  The  former  rises  in  the 
western  slope  of  the  Alleghenies,  on  the  eastern  boundary  of  Cam- 
bria county,  and  liows  nortbwesteily  for  about  30  miles  to  Johns- 
town. Stony  creek  l ises  in  the  high  ridges  of  Somerset  county,  and 
flows  nortlierly  for  about  40  miles  to  Johnstown.  Both  are  rapid 
mountain  streams,  with  steep  slopes,  rocky  beds,  and  abrupt  valleys. 
Their  watersheds  have  been  iiractically  deforested,  although  the 
higher  riilges  aie  well  tinibere<l  now  with  second  growth.  The  water- 
shed of  Little  Conemaugh  river,  including  about  188  square  miles, 
is  densely  iidiabited,  lying  in  the  Cambria  county  bituminous  coal 
field,  and  contains  large  areas  of  agricultural  land.  The  Stony  creek 
watershed  is  much  less  densely  poprrlated,  althorrgh  the  Somerset 
county  coal  field,  in  the  lower  section,  supports  a large  population. 
The  upper  watershed  is  s])ai'sely  inhabited,  but  little  farmed,  and 
contains  considerable  forest  areas.  The  headwaters  of  both  streams 
rise  at  an  elevation  of  about  2,300  feet,  and  at  Johnstown  are  at  ele- 
vation 1,1G0  feet. 
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Below  Joliiistowii  the  river  follows  a winding  course  in  a general 
northwesterly  direction,  between  precipitous  banks  and  higii  tim- 
bered hillsides,  and  over  a rocky  bed,  its  slope  to  the  month  of 
Loyalhanna  creek,  50  miles,  being  6.8  feet  per  mile.  From  this  latter- 
point  to  the  mouth  at  Freeport  on  the  Allegheny  river,  the  slope  is 
at  the  rate  of  ap])roximately  4 feet  per  mile. 

The  most  inrportant  tributaries  below  Johrrstown  are  Black  Lick 
creek,  drainage  area  approximately  412  sqrrare  miles,  from  the  rrorth 
near  Blair  sville,  and  Loyalhanna  creek,  from  the  southeast.  Both  of 
these  streams  drain  thickly  populated  and  well  cultivated  ar  eas,  con- 
taining large  bitrrrrrinorrs  coal  Jields. 

The  stream  is  lined  with  railroads,  towns  and  industrial  plants, 
while  mrmeioirs  coal  rnirres  are  operated  on  the  bordering  hills  and 
in  the  valleys  of  its  tribrrtaries. 

The  Kiskiminetas  river  carries  vast  quantities  of  allrrvial  nraterial 
washed  fronr  its  banks,  arrd  from  the  crrltivated  fields  in  its  water- 
shed, arrd  is  rrsually  of  a yellow  color,  drre  to  this  carrse,  and  to  the 
srrlphur  in  the  coal  mine  water  of  which  it  receives  a corrsiderable 
amoirnt. 

The  tribrrtaries  of  the  Little  Conemaugh  above  Johnstown  are  al- 
most without  exception  rrsed  for  water  srrpply  prrrposes,  sonre  of 
these  containing  large  storage  basins.  At  a point  a short  distance 
above  Johrrstown  this  stream  has  been  knowrr  to  be  absolutely  dr-y 
in  seasons  of  drought.  The  lower  tribrrtaries  of  Stony  creek,  arrd 
the  tribrrtaries  of  the  Correnrarrgb  are  sirrrilarly  almost  all  irr  rrse  for 
domestic  or  industrial  srrpply.  The  main  river  is  little  rrsed  for  do- 
mestic srrpply,  brrt  marry  large  indrrstr-ial  plants  rrse  it. 

The  mean  annrral  precipitation  over  this  watershed  is  from  40  to 
50  irrches. 

The  discharge  has  been  rneasrrred  since  May  29th,  1907,  at  Avon- 
more,  approxirrrately  24  miles  above  its  mouth. 


OHIO  BASIN— STATION  NO.  18. 


KISKIMINETAS  RIVER  AT  AVONMORE,  PA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Geological  Srrr- 
vey  on  May  29tb,  1907,  and  has  been  maintained  and  oi)erated  since 
that  date  by  the  Water  Supply  Commission  of  Pennsylvania.  It 
is  located  on  the  highway  bridge  on  road  leading  to  P.  B.  R.  Sta- 
tion, Avonmore,  aborrt  -J  mile  from  the  village  of  Avorrnrore. 
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The  chaiiuel  is  straight  for  400  feet  above  and  300  feet  below  the 
station.  The  right  bank  is  high  and  rocky,  while  the  left  bank  is 
low  and  overflows.  The  bed  is  of  sand  and  is  not  permanent. 

Discharge  measnrements  are  made  from  the  downstream  side  of 
the  bridge.  The  initial  point  for  soundings  is  left  face  of  lower 
riglit  masonry  guard  fence  of  aj»proach  to  bridge. 

A standard  cltaiii  gage  is  fastened  to  tlie  handrail  on  the  down- 
stieam  side  of  the  bridge.  The  length  of  cliain  from  bottom  of 
weight  to  the  marker  is  38.34  feet.  The  elevation  of  zero  is  aibi- 
Irary  datum.  Bencli  Mark  No.  1 is  northwest  corner  of  right  ma- 
sonry bridge  seat  marked  “B.  M.;”  elevation  33.267  feet  above  gage 
datum.  Bench  Mark  No.  2 is  east  rail  of  west  track  of  highway 
crossing;  elevation  35.034  feet  above  gage  datum.  Tlie  gage  is  lead 
twice  daily  by  Ealph  Fickes. 

Since  tlie  establislnnent  of  this  station  22  discharge  measurements 
liave  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
1 1 Beimrt  of  the  Water  Supply  Commission. 

DISCHARGE  MEASUREMENTS  OF  KISKIMINETAS  RIVER,  AT  AVON- 
MORE,  WESTMORELAND  COUNTY,  PA. 

(Drainage  area  1,720  square  miles.) 


Date. 

Hydrograijber. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

1 — - 

Discharge. 

Remarks. 

11)12. 

Feet. 

S(l.  ft. 

Ft. 

per 

sec. 

Feet. 

Sec.  ft. 

Dec.  6, 

Boehringer,  

402 

1850 

1.78 

6.43 

3306 

0.6  measurement. 

Jan.  9. 

Bofliringer  & Bink- 
ley. 

457 

6609 

4.08 

17.53 

26947 

Surface  measurement. 

Jan.  9, 

Boehringer  & Hink' 
ley. 

452 

6878 

4.01 

17.00 

25600 

Surface  measurement. 
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DISCHARGE  TABLE  FOR  KISKIMINETAS  RIVER,  AT  AVONMORE, 
WESTMORELAND  COUNTY,  FROM  MAY  29,  1907. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

1 

Gage  height. 

6 

cS 

JS 

Z1 

'fi 

Gage  height. 

Discharge. 

"3 

% 

0) 

6 

a 

Sec. -ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft- 

Feet. 

Sec.-ft. 

1.42 

0 

7.00 

5000 

.60 

16370 

.20 

33140 

.80 

53040 

.50 

30 

.10 

5140 

.70 

16635 

.30 

33470 

.90 

53420 

'.60 

60 

.20 

5280 

.80 

16900 

.40 

33800 

24.00 

53800 

.70 

90 

.30 

5425 

.90. 

17165 

.50 

34130 

.10 

54190 

.80 

125 

.40 

5570 

13.00 

17430 

.60 

31470 

.20 

54580 

.90 

165 

.50 

5720 

.10 

17700 

.70 

34810 

.30 

54970 

2.00 

205 

.60 

5870 

.20 

17970 

.80 

35150 

.40 

55360 

.10 

245 

.70 

6025 

.30 

18250 

.90 

.35490 

.50 

557;j0 

.20 
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.80 

6180 
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18530 

19.00 

35830 
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56140 
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330 

.90 

6340 

.50 

ISSIO 
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36170 
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56530 
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380 

8.00 
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60 

19090 
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.10 

6660 
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25.00 
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6985 
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37.540 
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5S0 
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7150 
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37890 
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20490 
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58S70 

3.00 
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38940 
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59650 
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835 
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900 

.90 

80(^ 
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21610 
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39640 
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9.00 
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39990 
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.50 
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1125 
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22470 

.4U 
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26.00 
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1205 

.30 

8715 
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22760 

.50 

41040 

.10 
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.80 

1290 

.40 

8900 
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23050 
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41390 

.20 
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1375 

.50 
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23340 
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41740 
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62770 
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1460 
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9275 

.20 

23640 
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1545 
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9465 
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63550 
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9660 
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24240 
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1720 

.90 

9855 
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24540 
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43140 
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64330 
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1810 

10.00 

10050 

.60 
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64720 
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1910 
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25140 
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65110 
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10450 
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25440 
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44190 
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65890 

.80 

2220 
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.60 
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.70 

4595 

1 .30 
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.90 

32150 

.50 
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30.00 

773ro 

.80 

4730 

1 .40 

15840 

18.00 

32480 

.60 
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31.00 

S1300 

aO 

4S65 

1 

16105 

.10 

32810 

.70 

52660 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OE  KISKIMINETAS  RIVER  AT  AVONMORE,  WESTMORE- 
LAND COUNTY,  PA. 
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tFrozen  .Tan.  6-Feli.  26.  incl.  Ice  broke  and  gorged  Jan.  19  and  gorge  remained  until  Ifeb.  27,  when  it  went  out  at  1:30  a.  in.  D<ally  discharge  estimated  from 
Rlack  Lick  Creek  at  Black  Lick  and  climatological  records,  a Max.  19.20'  at  8:30  a.  m.;  36500  sec.  ft.  b Max.  28.00'  during  night;  69400  sec.  ft.  c Max.  22.30'  at 
4:45  p.  m.;  47400  sec.  ft.  d Max.  11.0'  at  8.30  a.  m.;  12200  sec.  ft. 


ESTIMATED  MONTHI.Y  DISCHARGE  OF  KISKIMINETAS  RIVER,  AT 
AVONMORE,  WESTMORELAND  COUNTY. 

(Drainage  area  square  miles.) 


Discharge  in  Second-feet. 


Run-off. 


MONTH. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

3220 

1.872 

2.158 

36500 

4390 

2.552 

2.752 

March,  

69iOO 

1710 

11100 

6.453 

7.440 

April,  

10200 

26S0 

4770 

2.773 

3.094 

May 

1T200 

1250 

39S0 

2.314 

2.668 

June 

July 

26SOO 

490 

2670 

1.552 

1.731 

27900 

490 

4900 

2.849 

3.2S5 

August ' 

9010 

1140 

2670 

1.552 

1.789 

September 

■iVlOO, 

1190 

6260 

3.640 

4.061 

October,  

12200 

868 

2850 

1.657 

1.910 

November,  

4o9U 

S02 

2130 

1.238 

1.381 

December,  

9700 

900 

2000 

1.163 

1.341 

The  year,  

4240 

2.46S 

33.610 

Note. — Frozen  Jan.  6-Feb.  26,  iiicl.  Ice  broke  and  gorged  Jan.  19  and  gorge  remained  until 
Feb.  27.  when  it  went  out  at  1:30  a.  m.  Daily  discharge  estimated  from  Black  Lick  creek  at 
Black  Lick,  and  climatological  records. 


SHENANGO  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Shenango  river,  which  forms,  with  the  Mahoning  river,  at  a 
point  about  5 miles  south  of  New  Castle,  Lawrence  county,  the  Bea- 
ver river,  rises  in  the  southwestern  part  of  Crawford  county,  Penn- 
sylvania, about  5 miles  southeast  of  Conueaut  Lake,  in  the  Pymatun- 
ing  Swamp.  The  general  course  of  the  stream  is  southerly  with  nu- 
merous large  sweeps  to  the  east  and  west,  crossing  once  for  a short 
distance  into  Ohio  but  immediately  returning  into  I’eniisylvauia. 
The  total  length  from  the  head  of  Pymatuning  Swamp  to  the  junc- 
tion with  the  Mahoning  river  is  approximately  80  miles  and  the 
drainage  area  above  the  mouth  is  1,080  square  miles,  of  which  793 
are  in  Pennsylvania. 

The  main  tributaries  of  the  stream  are  the  Little  Shenango,  whicli 
joins  it  at  Greenville,  from  the  east;  Pymatuning  creek,  from  the 
west,  just  above  Sharpsville;  Big  Yankee,  run,  from  the  west  at 
South  Sharon;  Deer  creek  from  the  west  just  below  Pulaski;  and 
Neshannock  creek,  from  the  east  at  New  Castle,  the  latter  being  by 
far  the  largest,  draining  approximately  243  square  miles. 
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The  upper  portion  of  the  watershed  lies  within  the  once  glaciated 
area  and  the  main  river  and  its  major  tributaries  all  find  their 
sources  in  extensive  swamp  areas,  while  their  valleys  are  broad  arrd 
flat.  Descending  the  main  stream,  however,  the  valley  becomes  more 
narrow  and  the  hillsides  more  abrupt  until  near  the  morrth  the  val- 
ley again  becomes  wide  and  flat.  A large  portion  of  the  watershed 
is  rrnder  cultivation  and  the  timber  areas,  except  iu  the  swamps, 
are  not  exteusive. 

The  slope  of  tlie  stream  tlirough  the  swamp,  for  the  first  20  miles 
of  its  course,  is  at  approximately  2 feet  per  mile,  becoming  a little 
more  rapid  as  it  descends,  its  fall  throrrgh  Mercer  county  being 
about  3 feet  irei'  mile.  The  total  slope  from  its  source  in  Pymatun- 
ing  Swamp,  at  eku  ation  about  1,020,  to  its  morrth,  at  elevation  about 
760,  is  260  feet,  or  3.25  feet  per  mile. 

From  Greein  ille  nortliv/ard  the  watershed  is  not  thickly  inhabited, 
l)Ut  southward  fi-om  tliis  point  industries  are  more  or  less  congested 
and  the  valley  is  thickly  poiurlated,  becoming  more  so  as  the  morrih 
is  approached.  The  principal  towns  along  the  main  stream,  going 
southward,  aie  Jamestown,  Greenville,  Shari)sville,  Sharon,  South 
Sharon,  or  Farrell,  Pulaski  and  New  Castle,  the  combined  popula- 
(ion  of  Avhich  is  approximately  75,000.  Some  of  these  towns  obtain 
their  water  supply  from  the  Shenango  liver  aud  the  stream  is  very 
largely  used  by  the  steel  ])lanis,  railroads  and  other  industries  which 
are  numerous  in  this  valley.  A small  amount  of  Avater  power  only 
is  developed  on  this  stieam,  largely  at  grist  and  florrr  mills,  the  total 
installation  not  amorrnting  to  over  600  horsepower. 

The  mean  annual  precipitation  over  the  upper  portion  of  this 
Avatershed  is  about  40  inches,  decreasing  as  the  mouth  is  approached. 

The  discharge  of  the  stream  has  been  measured  since  September, 
1909,  at  Sharon,  Pa.,  and  at  Turnerville,  Crawford  county,  since 
February  1,  1912. 


OHIO  BASIN— STATION  NO.  19. 


SHENANGO  RIVER  AT  TURNERVILLE,  CRAWFORD 

COUNTY. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission 
of  Pennsylvania  on  February  1st,  1912,  and  is  located  on  a single 
span,  steel,  through  truss,  highway  bridge  at  Turnerville,  the  bridge 
huAung  a total  span  of  105  feet. 
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The  channel  above  and  below  the  station  is  straight  for  200  feet. 
The  right  bank  overllows  during  extreme  floods,  Avhile  the  left  bank 
is  high  and  is  not  subject  to  overflow.  The  bed  is  composed  of  gravel 
and  is  fairh^  permanent. 

Discharge  measurements  are  taken  from  the  doAvnstream  side  of 
the  bridge,  and  by  wading  at  a liltle  below  the  station.  The  initial 
point  for  soundings  is  top  edge  of  east  abutment,  downstream  side. 

A standaid  chain  gage  is  fastened  to  the  doAA'iistream  hand  rail. 
The  length  of  chain  from  bottom  of  rveiglit  to  marker  is  24.54  feet. 
The  elevation  of  zero  is  07(1  feet  above  mean  sea  level.  Bench  Mark 
N’o.  4 is  a chisel  mark  on  the  south  end  of  the  east  abutment;  eleva- 
tion, 987.084  feet  above  mean  sea  level,  or  17.084  feet  above  zero  of 
gage.  There  is  also  a reference  mark  filed  on  middle  upriglrt  post 
of  doAvnstream  truss  at  elevatioir  993.104  feet  above  mean  sea  level, 
or  23.104  feet  above  zero  of  gage. 

There  is  also  a staff  gage  located  on  the  downstream  side  of  the 
east  abirtrnent,  graduated  from  zero  to  10  feet,  the  elevation  of  zero 
of  which  is  976  feet  above  mean  sea  level,'’and  is  referred  to  B.  M. 
No.  1.  This  gage  is  read  occasionally  durirrg  ice  periods  and  all  read- 
ings taken  on  the  same  have  been  reduced  six  feet  to  correspond  Avitli 
the  readings  on  the  chain  gage.  The  gage  is  read  once  daily  by  H. 
A.  Marvin. 

Since  the  establishment  of  this  station  10  discharge  measurements 
have  been  made. 


256 


DISCHARGE  MEASUREMENTS  OF  SPIENANGO  RIVER,  AT  TURNER- 
YILLE,  CRAWFORD  COUNTY,  PA. 

(Drainage  area  150  square  miles.) 


No. 

Date. 

Hydrograpber. 

1 ‘q^PTAi 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

1912. 

Feet. 

Sq.  ft. 

per 

Feet. 

Sec.  ft. 

sec. 

• 

1 

Feb.  12, 

Haslam 

SO 

151 

0.6S 

5.35 

102 

Ice  cover. 

2 

Mar.  8, 

Ferris 

92 

170 

0.96 

5.SS 

163 

Ice  cover. 

3 

Mar.  18, 

Ferris,  

10'3 

902 

2.25 

12.14 

2028 

Ice  cover. 

4 

Mar.  20, 

Ferris,  

103 

839 

2.27 

11.50 

1902 

5 

Mar.  26, 

Haslam,  

103 

568 

1.67 

8.94 

948 

6 

April  4, 

Haslam,  

103 

648 

1.71 

9.73 

1110 

7 

April  10, 

Ferris,  

103 

431 

1.38 

7.63 

593 

8 

April  30, 

Ferris 

103 

345 

1.15 

6.78 

397 

9 

April  30, 

Ferris,  

103 

352 

1.18 

6.86 

414 

10 

May  30, 

Haslam,  

59 

147 

0.49 

4.50 

72 

11 

Aug.  13, 

Ferris 

55 

128 

0.24 

4.12 

31 

Msmt.  at  riffle  below 

station. 

12 

Aug.  28, 

Ferris,  

65 

165 

0.62 

4.80 

102 

13 

Sept.  25, 

Haslam,  

61 

153 

0.52 

4.61 

79 

14 

Sept.  30, 

Laugenheim,  

56 

134 

0.32 

4.23 

43 

15 

Oct.  5, 

Haslam,  

52 

120 

0.17 

3.96 

20 

Msmt.  at  riflBe  below 

1913. 

station. 

16 

May  24, 

Haslam 

55 

127 

0.23 

4.10 

29 

Msmt.  at  riffle  below 

station. 

DISCHARGE  TABLE  FOR  SIIENANGO  RIVER,  AT  TURNERVILLE, 
CRAWFORD  COUNTY,  FROM  FEBRUARY  1,  1912. 


Gage  height. 

Discharge. 

*s 

ja 

<v 

bJD 

e3 

O 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

1 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

See. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

3.00 

0.8 

.90 

114 

.80 

402 

.70 

880 

.60 

1523 

.10 

1.0 

5.00 

126 

.90 

422 

.80 

910 

.70 

1562 

.20 

1.5 

.10 

138 

7.00 

442 

.90 

940 

.80 

1602 

.30 

2 

.20 

150 

.10 

463 

9.00 

970 

.90 

1642 

.40 

3 

.30 

162 

.20 

485 

.10 

1000 

11.00 

1682 

.50 

5 

.40 

174 

.30 

507 

.20 

1030 

.10 

1723 

.60 

7 

.50 

187 

.40 

530 

.30 

1060 

.20 

1764 

.70 

9 

.60 

200 

.50 

555 

.40 

1090 

.30 

1805 

.80 

12 

.70 

214 

.60 

680 

.50 

1120 

40 

1850 

.90 

16 

.80 

229 

.70 

605 

.60 

1155 

.50 

1895 

4.00 

22 

.90 

244 

.80 

630 

.70 

1190 

.60 

1940 

.10 

31 

6.00 

259 

.90 

655 

.80 

1225 

.70 

1985 

.20 

40 

.10 

275 

8.00 

680 

.90 

1260 

.80 

2030 

.30 

49 

.20 

291 

.10 

707 

10.00 

1296 

.90 

2075 

.40 

59 

.30 

308 

.20 

735 

.10 

1333 

12.00 

2120 

.50 

69 

.40 

325 

.30 

763 

.20 

1371 

.20 

2215 

.60 

80 

.50 

343 

.40 

791 

.30 

1409 

.40 

2310 

.70 

91 

.60 

362 

.50 

820 

.40 

1447 

.60 

2410 

.80 

102 

.70 

382 

.60 

850 

.50 

1485 

.80 

2510 

D4ILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  SHENANGO  RIVER  AT  TURNERVILLE,  CRAWFORD  CO.,  PA. 
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Notes.— River  frozen  over  Feb.  1 to  March  20,  Inclusive,  daily  discharge  computed  from  ic’  cuiTe  drawn  from  three  ice  msmts.  taken  during  Feb. 

March.  ‘Thin  lee. 
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ESTIMATED  MONTIIT^Y  DISCHARGE  OF  SHENANGO  RIVER,  AT  TURN- 
ER VIEEE,  CRAWFORD  COUNTY,  PA. 

(Drainage  area  130  sqaarc  miles.) 


Discharge  in  Second-feet. 

Run-off. 

MONTH. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  stiuare 
mile. 

Depth  in 
inches. 

February. 

1912. 

267 

1.780 

1.920 

892 

5.947 

6.856 

1480 

10.8 

594 

3.960 

4.418 

52o 

40 

IGS 

1.120 

1.291 

13‘2 

14 

48 

0.320 

0.357 

44 

9 

0.100 

0.115 

114 

12 

31 

0.207 

0.239 

Scptemi)Dr. 

108 

12 

44 

0.293 

0.327 

2040 

14 

365 

2.433 

2.8{^ 

November, 

December, 

310 

C4 

181 

1.207 

1.347 

4-12 

54 

170 

1.133 

1.306 

ItiTcr  frozen  over  Feb.  1 lo  Alardi  2ft.  iiii’l.,  dail.v  disolinrge  computed  from-  ice  curve 
drawn  from  three  ice  mcasurciiieiits  taken  during  Feb.  and  Marcli. 


OHIO  RASIN— STATION  NO.  20. 


SHENANGO  RIVER  AT  SHARON,  PENNA. 


DESCRIPTION  OF  STATION. 

Tliis  stiilioii  was  estiiblislied  on  Aiituist  Isl,  1909,  Iw  the  Carnegie 
Steel  t'onijiaii}'  tor  tlie  Water  Sniiply  Coniinission  of  Pennsylvania 
;unl  is  situated  :ibonT  fifty  feet  nortli  of  the  Chestnut  Street  bridge 
:it  Sharon. 

Tlie  eliannel  :d»ove  and  lieloAv  (lie  station  is  straiglit  for  500  feet. 
P>oth  banks  ;ire  a])]iroxini:i tely  twelve  feet  jiliove  tlie  river  bed  and 
overllow  during  (*xtrenie  high  water.  Tlie  bed  is  comjio.sed  of  gravel 
and  dirt.  The  enrrenf  r.nder  the  Chestnut  Street  bridge  is  veiw 
sluggish. 

Discharge  nieasnrenients  are  taken  at  nninerous  points;  namely, 
5Iill  street  Inidge,  State  street  bridge,  Carnegie  Plate  Girder  bridge, 
Cpjier  Wheatland  bridge,  and  at  two  wading  sections,  below  the 
gage.  At  the  Mill  street  bridge  die  measnreinents  are  taken  from 
(he  niistream  side,  the  initial  point  for  soundings  being  end  of  hand 
rail,  right  side  (looking  downstream).  At  the  State  street  bridge 
the  measurements  are  taken  from  the  downstream  side,  the  initial 
point  for  soundings  being  the  top  of  the  left  abutment.  At  the  Car- 
negie Plate  Girder  bridge,  which  is  two  miles  below  the  gage,  the 


(I  a si  UK'  Sta  t inn  nn  Sinaia  iii;' 


‘I 


1 
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iiieasnieineiits  are  taken  from  The  n}tstream  side,  the  initial  jtoint 
for  soundinji's  being  to})  of  right  abntment  (looking  downstream). 
At  the  I"}>per  AYheatland  bridge,  wliieli  is  2 and  one  lialf  miles  be- 
low the  gage,  measniements  aie  taken  from  the  downstream  side, 
the  initial  ])oint  for  ,soundings  Iteing  face  of  left  abutment.  Wading 
section  “A”  is  just  soutli  of  the  soutliern  boundai-y  line  of  Sharon, 
wliile  wading  section  “B"  is  at  South  Main  street,  near  the  Atlan- 
tic Betining  Company’s  tanks. 

A staff  gage  is  fastened  to  the  cribbing  on  the  right  bank  about 
50  feet  above  the  Chestnut  street  bridge.  The  elevation  of  zero  is 
840.00  feet  above  sea  level.  Bench  IMaik  No.  1 is  U.  S.  G.  S.  bronze 
tablet  on  southeast  abutment  of  Chestnut  street  biddge,  elevation 
855.92  feet  or  15.92  feet  above  gage  datum.  The  gage  is  read  twice 
daily  by  an  employee  of  the  ('arnegie  Steel  tlom]»any. 

Owing  to  the  various  channel  conditions  at  the  above  bridge  the 
State  street  bridge  has  been  considered  best  foi’  high  water  discharge 
measurements.  At  the  Mill  sti'eet  bridge  the  section  is  slightly  in- 
fluenced by  the  pumping  station  of  the  North  Works,  which  returns 
their  pumpage  just  below  the  bridge,  so  that  when  the  plant  is  in 
operation  about  10  second-feet  ],>ass  around  this  section.  At  the 
Carnegie  Plate  Girder  bridge  the  section  is  ihlluenced  l>y  a low  dam 
dui’ing  low  water  but  is  considered  a veiT  good  section  for  high  water 
discharge  measniements.  The  IVlieatland  biidge  is  not  considered 
good  for  discharge  measurements,  as  the  low  water  tlow  at  this  sec- 
tion is  influenced  by  an  eibW.  Above  a si.x;  foot  stage,  this  station 
becomes  valueless  on  account  of  the  water  overflowing  on  the  west 
side  of  the  biidge,  while  the  water  at  all  stages  jmsses  under  the 
bridge  at  an  angle.  Discharge  measurements  at  both  the  Carnegie 
Plate  Girder  bridge  and  the  ‘Wheatland  bridge  are  reduced  owing  to 
the  fact  that  the  drainage  area  at  the  gage  is  Id  ]»er  cent,  less  than 
at  these  .sections,  due  to  Big  and  Little  Yankee  runs  entering  the 
jiarent  stream  below  the  gage. 

Since  the  establishment  of  this  station,  (>5  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  Iblh- 
11  Eeport  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  SHENANGO  RIVER,  AT  SHARON, 

MERCER  COUNTY,  PA. 

(Drainage  area  605  square  miles.) 


No. 

Date. 

Hydrographer. 

1 

Width.  j 

Area  of  section. 

Mean  velocity. 

. 

Gage  height. 

Discharge. 

Remarks. 

1913. 

I’eet. 

Sq.  ft. 

Ft. 

per 

sec. 

Feet. 

Sec.  ft. 

61 

Mar.  27. 

Haslam, 

16S 

2183 

S.46 

15.85 

18489 

From  Mill  St.  bridge 
10  sec. -ft.  added  for 
pumpage. 

62 

Mar.  27, 

Haslam 

llti 

3159 

5.65 

15.32 

17850 

From  State  St.  bridge. 

63 

Mar.  23, 

Haslam 

175 

2949 

•1.73 

14.11 

13960 

From  State  St.  bridge. 

64 

Mar.  28. 

Haslam 

175 

2826 

4.42 

13.60 

12480 

From  State  St.  bridge. 

65 

Mar.  29, 

Haslam,  

168 

974 

G.12 

10.54 

6960 

From  Mill  St.  bridge 
10  sec. -ft.  added  for 
pumpage. 

All  gage  heights  and  discharges  are  referred  to  the  Chestnut  street  gage. 


DISCHARGE  TABLE  FOR  SHENANGO  RIVER  ,AT  SHARON,  MERCER 
COUNTY^  FROM  AUGUST  1,  1909. 


Gage  height. 

Discharge. 

Gage  height. 

cS 

S3 

<L> 

Vi 

s 

Gage  height. 

Discharge. 

1 

Gage  height.  j 

Discharge. 

i 

Gage  height. 

Discharge. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

1.70 

20 

.20 

700 

.70 

2376 

.20 

6152 

.70 

11302 

.80 

23 

.30 

745 

.80 

2470 

.30 

6358 

.80 

11508 

.90 

27 

.40 

792 

.90 

2575 

.40 

6564 

.90 

11714 

2.00 

30 

.50 

840 

7.00 

2680 

.50 

6770 

U.OO 

11920 

.10 

37 

.60 

890 

.10 

2790 

.60 

6976 

.10 

12126 

.20 

46 

.70 

940 

.20 

2900 

.70 

7182 

.20 

123B2 

.30 

63 

.80 

990 

.30 

3020 

.80 

7388 

.30 

12538 

.40 

87 

.90 

1040 

.40 

3140 

.90 

7594 

.40 

12744 

.60 

112 

5.00 

1095 

.50 

3270 

10.00 

7800 

.50 

12950 

.60 

138 

.10 

1150 

.60 

3400 

.10 

8006 

.60 

13156 

.70 

164 

.20 

1210 

.70 

3535 

.20 

8212 

.70 

13362 

.80 

19^ 

.30 

1370 

.80 

3670 

.30 

8418 

.80 

13568 

.90 

218 

.40 

1335 

.90 

3815 

.40 

8624 

.90 

13774 

3.00 

248 

.50 

1400 

8.00 

3960 

.50 

8830 

13.00 

13980 

.10 

278 

.60 

1470 

.10 

4120 

.60 

9036 

.50 

15010 

.20 

310 

.70 

1540 

.20 

4280 

.70 

9242 

14.00 

16040 

30 

343 

.80 

1610 

.30 

4440 

.80 

9448 

.60 

17070 

.40 

376 

.90 

1685 

.40 

4610 

.90 

9654 

15.00 

18100 

.50 

411 

6.00 

1760 

.50 

4780 

11.00 

9860 

.60 

19140 

.60 

448 

.10 

1840 

.60 

4960 

.10 

10066 

16.00 

20160 

.70 

486 

.20 

1920 

.70 

5150 

.20 

10272 

.80 

627 

.30 

2010 

.80 

5240 

.30 

10478 

90 

669 

.40 

2100 

.90 

b;)3b 

.40 

10684 

4.00 

612 

.50 

2190 

9.00 

5740 

.50 

10890 

.10 

655 

.60 

2280 

.10 

5946 

.60 

U096 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OP  S HENANGO  RIVER  AT  SHARON,  MERCER  COUNTY,  PA. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  SHENANGO  RIVER  AT 
SHARON,  :MER('ER  COUNTY,  PA. 

(Drainage  area  (iOo  square  miles.) 


MONTH. 

Uiseliarge  in  Second-feet. 

Ituu-off. 

Maxiinmu. 

Minimum. 

Mean. 

vSecoud-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

January,  

31.30 

293 

70t 

1.164 

1.342 

February 

3390 

207 

861 

1.425 

1.534 

March 

7390' 

186 

2680 

4.430 

5.107 

April,  

7350’ 

360 

2250 

3.719 

4.149 

M!iy,  

2270 

164 

530 

0.876 

I.O'IO 

June,  

533 

63 

ISO 

0.312 

0.348 

July 

732 

41 

170 

0.281 

0.324 

Autriist,  

1900 

68 

319 

0.527 

0.608 

Seiiteniber,  

1720 

1 ( 

365 

0.603 

0.673 

October,  

liSlO 

68 

1260 

2. 083 

2.402 

November,  

020 

'’1 2 

473 

0.782 

0.872 

December 

1575 

154 

524 

0.866 

0.998 

Tlie  year 

7390 

41 

860 

1.422 

19.367 

NESHANNOCK  CREEK. 


IMISCRIPTION  OF  RASIN. 

Nesli;i iiiiock  deck,  tlie  laiii'est  tiiliutaiv  of  llie  Slienaiijio  river, 
drains  a]»]>r(txiniatelv  24.'  S(|iiaie  miles  in  Mercer  and  Lawrence  coun- 
lies. Kising  in  and  passing  tlirongli  nninerons  extensive  swani]) 
aieas,  in  the  central  and  easlern  parts  of  Mercer  county,  its  two 
hranclies.  Otter  and  Mill  ci-ecks,  join  near  Mercer  l)oroug]i,  and  the 
main  stieani  tlien  folloAvs  a general  sontlierly  diiection  for  about  2.‘5 
miles  to  its  month  at  New  t'astle,  Lawrence  count}',  the  general  out- 
line of  the  watershed  heing  ]tear  sha]!ed.  The  upper  sections  of  this 
stieam  in  Mercei'  county  flow  through  a deforested,  rolling  country, 
in  which  farming  and  some  hitnininons  coal  mining  is  carried  on. 
The  stream  is  sluggish  in  its  n])per  ])0!tions,  and  the  basin  is  covered 
to  a great  de]>th  bv  deposits  of  glacial  drift,  but  njron  entering  Law- 
rence county,  it  becomes  a ra])id  stieam,  with  numerous  falls,  flowing 
Ibrongh  a narrow  gorge  with  high.,  stee])  walls  of  sandstone.  From 
Hope  Mills,  Mercer  county,  (elevation,  1,107  feet)  to  New'  Castle, 
(elevation,  700  feet),  a distance  of  20  miles,  the  rate  of  flow'  is  about 
15  feet  per  mile.  The  chief  tributaries  are  Otter,  Mill  and  Little 
Neshannock  creeks.  Numerous  boroughs,  farming  and  mining  vil- 
lages lie  in  this  basin,  but  the  stream  is  not  used  for  domestic  w'ater 
snpjdy,  and,  to  a limited  extent,  for  industrial  jmrposes,  by  plants 
in  the  vicinity  of  its  mouth. 
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The  mean  ainiual  prccii)itatioii  over  this  watershed  is  from  35  to 
45  inches. 

The  discharge  has  been  measnied  since  Angnst  !),  11)09,  at  Aew 
Castle,  Pennsylvania,  near  Ihe  month. 


OHIO  BASIN— STATION  NO.  21, 


NESHANNOCK  CREEK  AT  NEW  CASTLE,  PA. 


DESCRIPTION  OF  STATION . 

This  station  was  established  Iw  the  Carnegie  Steel  Company,  in 
co-operation  with  the  Water  Supply  Commission  of  TTmnsylvania, 
on  Angnst  9,  1909,  and  is  located  at  the  Jefferson  street  bridge,  NeAv 
Castle,  Pennsylvania. 

The  channel  is  straight  for  ^ mile  above  and  300  yards  below  the 
station,  hnt  immediately  at  the  station  the  creek  makes  a thirty 
degree  bend  to  the  right.  Both  banks  are  high,  but  overflow  during 
extreme  high  Avater.  The  bed  of  the  stieani  consists  of  stones,  mnd 
and  slime  and  is  not  jmrmanent.  During  extreme  high  Hoods  in 
Shenango  liver,  Avater  may  be  backed  n]»  to  near  Jefferson  strt'et 
bridge,  bnt  this  occurs  very  seldom. 

Dischaige  measnrements  are  taken  from  the  doAvnstream  side  of 
tlie  Jefferson  sti'eet  bridge,  and  by  Avading  either  above  or  lieloAV 
the  bridge.  The  initial  point  for  sonndings  is  the  face  of  the  left 
abutment,  on  the  doAvnstream  side  of  the  bridge. 

Cntil  October  8th,  1912,  readings  Avere  taken  from  a statf  gage, 
knoAvn  as  No.  2.  of  tlie  three  gages  established  by  the  Carnegie  Steel 
Company,  Avhich  gage  Avas  fastened  to  a retaining  wall  on  the  left 
side  of  the  creek,  jnst  beloAV  the  left  bridge  abutment.  The  elevation 
of  zero  is  arbitrary  datnm.  Bench  Mark  No.  1 is  a cross  on  the 
bridge  Avail  at  the  left  side  of  the  bridge;  elevation  6.82  feet  aliove 
gage  datnm.  Bench  Mark  No.  2 is  a cross  AAdthin  a (piaidei"  circle  on 
the  outer  downstream  corner  of  the  right  bridge  seat:  elevation. 
14.53  feet  above  gage  datnm.  On  the  above  date,  hoAvever,  this  gage 
Avas  replaced  Avith  a standard  chain  gage,  Avhich  was  fastened  to  the 
doAA’nstream  handrail  of  the  bridge.  This  gage  Avas  referred  to  the 
same  datum  as  the  staff  gage,  the  length  of  chain  from  the  bottom 
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of  the  weight  to  the  marker  being  19.55  feet.  The  gage  is  read  twice 
daily  hj-  I).  B.  Woolcock,  Civil  Engineer  of  the  Carnegie  Steel  Com- 
pany. 

Since  the  e.stablishment  of  this  station,  16  discharge  measure- 
ments have  been  made.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  Beport  of  the  Water  Supply  Commission.  Due  to  a change 
in  channel  conditions,  destroying  the  previous  rating  at  this  station, 
only  the  gage  heights  for  1912  have  been  published. 


DISCHARGE  MEASUREMENTS  OF  NESHANNOCK  CREEK,  AT  NEW 
CASTLE,  LAWRENCE  COUNTY,  PA. 

(Drainage  area,  2JiO  square  miles.) 


Date. 

nydrographer. 

1913 

March  10 
March  25 
March  2S 
March  29 

D.  B.  Woolcock,  .. 
D.  B.  Woolcock,  .. 
D.  B.  Woolcock,  .. 
D.  B.  Woolcock,  .. 

Width. 

Area  of  section. 

Mean  velocity.  j 

i 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq.  ft. 

per 

Feet. 

Sec.  ft. 

sec. 

105 

314 

2.64 

3.90 

830 

0.6 

measurement. 

103 

1520 

9.23 

13.66 

14029 

0.6 

measurement. 

123 

820' 

2.71 

8.22 

2222 

0.6 

measurement. 

115 

.321. 

2.79 

5.74 

1452 

0.6 

measurement. 

No. 


DAILY  MEAN  GAGE  HEIGHTS  OF  NESHANNOCK  CREEK  AT  NEW  CASTLE,  LAWRENCE  COUNTY,  PA. 
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SLIPPERY  ROCK  CREEK. 


DKSCKIPTION  OF  BASIN. 

Sli]»])ery  Poc'k  cveek,  (lie  l:u-ges(  (Tilmtary  of  Coiiiioiiuenessing 
creek,  drains  a]ipioxiinatelY  -fOI!  siinare  miles  in  Butler,  Mercer  and 
Lawrence  counties.  Several  luanclies  rise  in  (lie  north  central  jior- 
(ion  of  Buller  county,  and  come  together  to  form  the  main  stream 
near  Branchlon,  Buller  coiinty.  The  main  stream  Hows  in  a general 
soutlnvesterly  direction  follovvdng  a tortuous  course,  its  total 
length  heing  aiiproximately  43  miles.  Tn  the  central  section  of  the 
stieam  the  valhws  are  broad  and  laigc'ly  cultivated,  as  are  the  hills, 
the  current  being  sluggish  and  llowing  between  gently  slojiing  banks, 
with  wide  ]»lains  bordering  it  on  either  siihc  After  the  stream 
entei-s  Lawrence  county,  the  broad  valleys  contract  to  a narrow 
goi-ge,  and  the  low  sloidng  banks  aie  reiilaced  by  high  dill's  of  massive 
sandstone,  and  the  hitherto  gently  llowing  streams  become  a i-apid 
toi-reut. 

The  elevation  of  the  stream  at  its  soni-ce  is  a]>proximately  1,400 
feet  above  mean  sea  level  and,  at  Iviesters,  14  miles  belorv,  the  eleva- 
tion is  1,150  f(>et,  ]iroducing  a sloia*  id'  IS  feet  pin-  mile.  From  Kiesters. 
to  Kennedy's  Mill,  eh'vation  1,040,  (lie  sti-eam  Mows  through  a gently 
slojiing  valhw  foi-  a distance  of  17  miles,  having  a slope  of  approxi- 
mately 0 feet  ]ier  mile.  Aftei-  leaving  Kennedy's  Mill,  the  creek  enters 
(he  gorge  which  continues  almost  to  its  month,  (elevation  580  feet) 
a distance  of  ajijiroximately  12  miles,  Avith  a fall  of  ajijiroximately 
3!)  feet. 

The  only  tributary  of  any  imjiorlance  is  Muddy  creek,  which  enters 
it  from  the  east  in  Butler  county,  although  there  are  manj^  small 
tributaries  (uitering  it  iii  Lawrence,  Butler  ami  Mercer  counties. 

The  domestic  watc!-  sujipl}^  for  Ellwood  Eity  and  vicinity  is  ob- 
tained from  Slijijieiw  Bock  creek  at  its  mouth.  The  watei-  jiower  of 
(he  creek  is  used  by  numerous  grist  mills. 

The  mean  annual  jnecijiitation  over  the  headwaters  of  the  stream 
is  from  40  to  45  inches,  and  over  the  lowei‘  I'eaches  from  35  to  40 
inches. 

The  discharge  has  been  measured  since  January  1,  1012,  near  Wur 
temburg,  approximately  2 miles  above  the  mouth. 
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OHIO  BASIN— STATION  NO.  22. 


SLIPPERY  ROCK  CREEK  AT  WURTEMBURG,  LAWRENCE 

COUNTY. 


DESCUIPTION  or  STATION. 

This  station  was  established  in’  the  Water  Supply  Coiamissioii  of 
Peniisjdvania  op  December  28lh,  iblt.  and  is  located  on  the  highway 
bridge  across  Slippery  Rock  creek,  at  the  north  end  of  Wurtemburg. 

The  channel  above  the  station  is  straight  and  uniform  for  one- 
half  mile,  while  below  the  station  it  is  straight  and  uniform  for  GOO 
feet.  The  right  and  left  banks  rise  alrmptly.  Tlie  lied  is  composed 
of  gravel  and  is  fairW  jtermanent.  Diseharge  measnrements  are 
taken  from  the  upstream  side  of  the  Uridge;  the  initial  point  for 
soundings  being  the  west  end  of  the  north  guard-rail. 

A standard  chain  gage  is  fastened  to  the  upstream  side  of  the 
bridge,  the  length  of  chain  from  bottom  of  weight  to  marker  being 
35.82  feet.  The  elevation  of  zero  is  817.03  feet  above  mean  sea  level. 
Bench  Mark  No.  1 is  a U.  S.  G.  S.  bench  in  nortliwest  abutment; 
aluminum  tablet  stamped  ‘‘851  A.  D.  J.,  100:!;”  elevation,  850.231 
feet  above  mean  sea  level,  or  32.0  feet  above  zero  of  the  gage.  The 
gage  is  l ead  twice  daily  by  Emil  R.  Boots. 

Since  the  establishment  of  this  station  18  discharge  measnrements 
have  been  made. 
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DISCHARGE  MEASUREMENieS  OF  SIAPPERY  ROCK  CREEK,  AT  WURT- 
EMBURG,  LAWRENCE  COUNTY,  PA. 

(Drainage  area  iOO  square  miles.) 


No. 

Date. 

Hyedrographer. 

rD 

? 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

1 

Remarks. 

1 

1911 

July 

17 

Langenhelm,  

Feei;. 

2S 

Sq.  ft. 

23 

Ft. 

per 

sec. 

2.08 

Feet. 

2.23 

Sec.  ft. 

48 

Wading  msmt.  200  yds. 

2 

3 

4 

19U 

Feb. 

Feb. 

March 

2 

17 

21 

Ross,  

Ross,  

Ross 

250 

259 

170 

9SG 

4.03 

3.50 

3.27 

5.61 

262 

145 

3977 

below  Upper  Wurtem- 
burg  bridge.  Refer- 
enced to  gage. 

Made  under  Ice  cover. 
Made  under  ice  cover. 

5 

March 

22 

Ross 

247 

844 

3.32 

5.03 

2802 

6 

March 

22 

Ross,  

247 

819 

3.19 

4.91 

2614 

7 

March 

23 

Ross  

243 

653 

2.7C 

4.24 

1803 

8 

March 

28 

Ross 

242 

614 

2.77 

4.06 

1672 

9 

April 

3 

Ross 

251 

1061 

4.13 

5.91 

4379 

10 

April 

3 

Ross,  

249 

1010 

4.08 

5.69 

4116 

11 

April 

4 

Ko.ss 

246 

820 

3.19 

4.91 

2613 

12 

April 

4 

Ross 

244 

780 

3.06 

4.72 

2386 

13 

April 

8 

Ross,  

344 

742 

2.78 

4.48 

2063 

14 

April 

10 

Ross 

240 

49S 

1.90 

3.48 

946 

15 

April 

12 

Ross 

23-3 

405 

1.54 

3.13 

634 

10 

April 

22 

Ross,  

337 

3'.’G 

1.26 

2.S4 

412 

17 

May 

24 

Ross 

i'So 

272 

0.S7 

2.. 54 

236 

18 

June 

12 

Ross,  

219 

192 

0.42 

3.21 

80 

DISCHARGE  TABLE  FOR  SLIPPERY  ROCK  CREEK,  AT  WURTEMBURG, 
LAWRENCE  COUNTY,  FROM  JANUARY  1,  1912. 


if 

Oj 

A 

O 

tJD 

ct 

U 

Discharge. 

U) 

*0 

.q 

<1) 

tn 

cs 

Discharge. 

Z 1 

Gage  height. 

1 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

2.00 

1 20 

.10 

610 

.20 

1700 

.30 

3350 

.40 

5730 

.10 

30 

.20 

690 

.30 

1820 

.40 

3530 

.60 

5980 

.20 

80 

.30 

770 

.40 

1950 

.50 

3720 

.60 

6340 

.30 

so 

.40 

860 

.50 

2080 

.60 

3910 

.70 

6510 

.40 

130 

.50 

950 

.60 

2220 

.70 

4130 

.80 

6780 

.50 

190 

.60 

1040 

.70 

2360 

.80 

4330 

.90 

70SO 

.60 

2f.O 

.70 

1140 

.80 

2510 

.90 

4550 

7.00 

7330 

.70 

320 

.80 

1240 

.90 

2670 

6.00 

4780 

.80 

S90 

.90 

1350 

5.€0 

2830 

.10 

5010 

.90 

460 

4.00 

1460 

.10 

3000 

.30 

5260 

s.oo 

530 

.10 

1580 

.20 

3170 

.30 

5490 
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ij 


C5 

Pi 

P 

M 

S 


0 

H 

03 

P 


<1 


0 

P3 


a 


0 

o 

o 

P3 


03 

0 “ 
0H 
wfH 

«2p 

00 

'^0 

mO 

O0 

0« 


O 

73 


Q 

2; 

-si 


72 


w 


o 


0 


M 


0 

o 

< 

o 


-si 

0 

a 


Q 


. Q 

i 

Q 

is^gg  |pi5  iisli  egi^g  mis  ggggi  E 

GH 

2.56 

2.51 

2.92 

3.00 

2.78 

3.56 

3.72 

3.24 

2.96 

2.93 

2.79 

2.71 

2.72 

2.52 

2.76 

2.57 

2.64 

2.68 

2.67 

2.60 

2.70 

2.66 

2.62 

2.66 

2. 63 

2.69 

2.64 

2.64 

3.70 

2.82 

4.26 

> 

O 

2 

5 

iggig  i5giii  lisig  igggg  : 

a fSSg&S  g;s?ss  SS33S  : 

0 « csi  N ea  to  « N eq  cj  tvj  N M « tf<i  CQ  e<i  eq  cq  m ci  ?4i  cq  ci  c^"  csJ  C'? 

i 

m 

Q 

iga^S  Iggga  aa§3g  illla  Ipg^  1 

3 

O 

sgsss  sgss§^  5i?SE23  ggggs  ssags  s 

e<i  e<j  N ccj  cq  cm*  m c-jcicococo  ©o  rtcg  ti  c-3 

SEPT. 

.2 

c 

mil  pii§  giggi  llgil  gisia  : 

o 

a8s?25  esass  asass  isssssss  ^asaa  ssssa  ; 

lA  o lis  ©5  ©t  c-i  c<i  w 1?^  cq  CM  c-i  cm  ci  m cm  « ci  f 3 ci 

o 

u 

< 

i f ssgsg  sssgi  liiig  mil  I 

s:: 

o 

sassis  grfas?  Essays  assas  saKS??:  2 

CM  CM  C3  cq  CM  CM  CM  CT  CM  C3  CM  C3  CM  C3  CM  C3  CM  C3  CO  CCi  C3  C3  C3 

JULY. 

.2 

fi 

SSSS?  ^gsiis  ggs-s  $g§gg  ipil  ||2S8  S 

S 

o 

sssisa  gssss  sgsgg  2 

C3CMC3CMCM  Cl  CM  C3  CM  CM  CM  Cl  C-i  CM  Cl  Cl  CM  C'l  C^  CM  COCCCO^"^  fC  CO  CM  Cj  C3  CM 

C3 

JUNE. 

.2 

Q 

gggll  aas2s  sssss  |||||  |§sg|  sgssg  : 

w 

o 

2.34 

2.42 

2.42 

2.44 

2.34 

2.27 

2.30 
2.26 
2.26 
2.20 

2.19 

2.23 

2.24 

2.20 

2.25 

4.04 

4.88 

3.61 

2.90 

2.67 

2.51 

2.56 
2.50 
2.42 
2.38 

3.57 

2.35 
2.34 

2.31 
2.37 

MAY. 

i 

Q 

ipii  iiasi  gisig  iiiii  %mvi  isssa  ^ 

K 

4.56 

3.80 

3.30 

3.04 

2.87 

3.00 

3.17 

2.92 
2.78 
2.70 

2.63 

2.65 

3.92 
3.03 
2.98 

3.a 

3.76 
5.20 
2.90 

2.76 

2.67 

2.08 

2.48 

2,50 

2.42 

2.40 

3.38 

2.38 

2.42 
3.44 

2.42 

APRIL. 

.52 

a 

IIIII  i|i|i  giigi  ppi  asaig  igg||  : 

a sssas  i5S5!g?  f5??gss  Sf2ggg'  : 

O '^Tj<L£5-^T>«  coc'Scococ'O  Mco-st-ooco  e^Je-'jc'iccir* 

MARCH. 

.2 

Q 

iiigg  liisg  liip  iiiii  11111  I _ 

a 

gagS8  sagsa  sg 

MrtcjcMC-i  CMcMC-ic^M  COcicoCOTis  Th-C-cCJi-Miirs  rti 

g 

5 

Q 

iiiii  iiiii  iiiii  liiii  iiiii  |||| ; : 

H 

c 

; ; : : : : ; : ; : ; : : ; : : : : : : : : : : : Sg8$  : ; 

; : : : : : : : : : : : : : : : : : : ; : : : : : • . 

Ps 

i lipi  iigii  ligsi  iiggi  liiii  g 

O 

KSSSasS  g : : : : : : ; : : : : : : : : : : : : : ; : : : : 

■VtJ^COCftCM  CM 

1 ^ 
p 

'^>-“*3  asaaa  sasss  d 

"-'  s 


7-I''eb.  25,  inclusive^  discharge  estimated  from  Shenango  River  at  Sharon.  $Iee  went  out.  a Mai.  5.G5  at  5:30  p.  m.;  4020  sec.  ft.  b Max. 
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ESTIMATED  .MONTHLY  DISCHARGE  OF  SLIPPERY  ROCK  CREEK,  AT 
WURTBMBURG,  LAWRENCE  COUNTY. 

(Drainage  area  JjOO  square  miles.) 


MONTH. 

Discharge  in  Seeond-leet. 

Run-off. 

Maximum. 

Miuimum. 

Mean. 

Second-feet 
per  square 
mile. 

Deiith  in 
inches. 

1912. 

502 

1 255 

1 447 

rioio-’ 

768 

1.930 

2 071 

M,arcli,  

SdlO 

390 

1580 

3.950 

4.554 

April 

4SaO 

278 

1230 

3.076 

3.430 

■May 

mo 

12a 

480 

1.300 

1.3a3 

June,  

■ZMO 

48 

237 

0.718 

0.801 

Jul.v 

■lOM 

4G 

362 

0.905 

1.041 

August,  

10^00 

65 

7S5 

1.962 

2.262 

September,  

r.GGO 

ica 

862 

2.155 

2.404 

October 

lo60 

Ti 

300 

0.998 

1.151 

November,  

•ISO 

17S 

2,94 

0.735 

0.820 

December,  

177a 

11)6 

437 

1.092 

1.2S9 

The  year 

666 

1.664 

22.636 

Note. — Creek  frozen  Jan.  7-Feb.  'Si,  inclusive,  Jlseliai'se  estimated  from  Slieuango  River  at 
Sliaron. 


CHEAT  RIVER. 


DESCRIPTION  OF  ItASIN. 

The  Cheat  river,  or  it:s  uiiiiermost  hi-aiidi,  the  Sliavers  Fork,  rises 
ill  the  uorthern  part  of  rocahontas  county,  W.  Va.,  and  flows  in  a 
general  nortliwesterly  direction  to  its  nioutli  in  tlie  Monongahela 
river,  at  Foint  Marion,  Fayette  county,  Fa.,  about  !)()  miles  below 
Ibttsburgh,  Fa.,  a distance  of  approxiniatelj-  157  miles,  4 miles  of 
which  is  in  Pennsylvania.  It  drains  an  area  of  approximately  1,427 
sipiare  miles,  of  which  bS  lies  in  Fennsyhania.  The  source  is  in  the 
point  of  coalescence  of  Back,  Allegheny  Mountain  and  Cheat  Moun- 
tain, at  elevation  of  apju-oxiniateh’  4,500  feet,  fiom  which  it  falls 
to  elevation  7S0  feet  at  its  mouth,  the  total  fall  being  5,720  feet,  or 
at  the  rate  of  25.0  feet  per  mile.  The  river  proiter,  which  is  formed 
by  the  junction  of  Shavei's  Fork  and  Fry  Fork,  at  Farsons,  W.  Va., 
is  at  elevation  1,025  feet,  and  has  a .slo])e  of  approximately  11  feet  per 
mile  to  its  month,  a distance  of  about  78  miles.  The  drainage  basin 
of  Shavers  Fo'-k  is  very  long  and  narroAv,  Avliile  that  of  Fry  Fork 
is  notably  fan-shaped.  The  headwaters  of  this  river  lie  in  a rough, 
mountainous  region,  many  of  the  valleys  being  in  deep  gorges,  with 
swiftly  flowing  mountain  streams.  The  Cheat  rivei-,  from  the  source 
of  Shavers  Fork  for  half  its  length,  lies  in  a narrow  steep  sided  and 
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uncultivated  gorge,  with  the  mountain  slopes  heavily  timbered. 
Above  Parsons,  W.  A^irginia,  for  a distance  of  a few  miles,  the  valley 
opens  out  with  the  stream  flowing  through  low  tiottom  land  oi-  Hood 
l)laius.  Below  this  point  for  a distance  of  !)  miles  it  passes  through 
a steep-sided,  broad  valley,  Avitli  cultivated  and  unusually  level  bot- 
toms, the  course  of  the  stream  being  veiy  tortuous.  From  this  point 
to  Mont  Chateau,  W.  \;a.,  there  are  numerous  small  patches  of  cul- 
tivated bottom  land,  while  lielow  this  point  the  river  then  enters 
Pennsylvania  through  another  gorge,  whicli  extends  to  its  mouth. 

Cwiug  to  the  fact  that  the  Itasin  of  this  stream  is  long  and  narrow, 
being  100  miles  in  length  by  about  14  miles  in  width,  togetlier  with 
other  topographical  features,  condusive  to  the  same  re.sult,  the  Cheat 
river  has  a rapidly,  fluctuating  discharge,  rising  quickly  in  great 
floods,  and  reducing  rapidly  thereafter. 

Ap])roximately  three-fourths  of  the  entire  drainage  area  is  re- 
ported to  be  forest  covered  and  coal  is  mined  over  a large  portion 
of  this  Avatershed.  There  are  very  few  towns  of  importance  in  this 
drainage  basin,  the  largest  being  Bowlesburg  and  Parsons,  W.  Va., 
and  Point  Marion,  Pa.,  AA’hich  latter  community  uses  this  stream  as 
a source  of  domestic  water  supply. 

The  mean  annual  precipitation  over  this  AAmtershed  is  from  a]i- 
proximately  40  to  45  inches. 

The  discharge  has  been  measured  since  July,  1809,  at  Tee’s  Ferry,  ’ 
near  Morgantown,  W.  Va. 


OHIO  BASIN-STATION  NO.  23, 


CHEAT  RIVER  NEAR  MORGANTOWN,  W.  VA. 


DESCRIPTION  OF  STATION. 

This  station,  Avhich  Avas  maintained  from  July  Sth,  to  December 
30th,  1890,  July  1st  to  December  20th,  1900,  and  August  21st,  1902, 
to  December  31st,  1005,  by  the  Fnited  States  Geological  Survey, 
Avas  re-established  November  18th,  1908,  by  F.  W.  Scheidenhelm, 
of  the  Pittsburgh  Hydro  Electric  Company,  and  has  been  maintained 
and  operated  since  this  later  date. 

A com])lete  description  of  the  old  gages  o])erated  prior  to  1908 
may  be  found  in  the  1910-11  Report  of  the  IVater  Supply  Commis- 
sion. 


The  present  gaging  station  is  located  at  tlie  higiivvay  bridge  at 
Uneda,  W.  Va.,  ten  miles  above  the  month  of  the  river. 

The  channel  is  probablj^  permanent.  Ice  conditions  may  effect 
the  relation  of  gage  heiglit  to  discharge  during  several  mouths  of 
the  year. 

Discharge  measurements  are  made  from  the  npsti-eam  side  of  the 
bridge,  or  by  wading  during  low  water. 

A standard  chain  gage  is  attached  to  the  higlnvay  bridge,  the 
length  of  chain  from  the  bottom  of  the  weight  to  the  marker  being 
41.01  feet.  Tlie  elevation  of  zero  is  arbitrai'y.  Bencli  Mark  No.  1 
is  a mark  on  the  face  of  sandstone  rock  in  edge  of  bank  beside  road, 
20  feet  downstream  and  30  feet  back  from  gage;  elevation,  21.13 
feet  above  gage  datum. 

Since  the  establhshmeut  of  tlie  station,  2.'5  discharge  measurements 
have  been  made. 

The  following  data  have  been  fnrnisheil  by  the  TJ.  S.  Geological 
Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11  Eeport 
of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  CHEAT  RIVER,  NEAR  MORGAN- 
TOWN, W.  YA. 

(Drainage  area  1,380  square  miles.) 


i 

No.  Date.  Hydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq.  tt. 

per 

Fe.et. 

Sec.  ft. 

' 1911 

sec. 

21  Oct.  7 1 Drake.  

3S5 

s.ceo 

2.12 

4.S7 

5,400 

0.6  method. 

1912 

2S  March  22  Drake 

425 

4,060 

j.Gl 

8. IS 

22,800 

Surface  msmt. 

23  .Tuly  25  Drake 

509 

B.dliO 

6.9S 

12.27 

43.300 

Surface  msmt. 

1913 

24  , Jan.  8 1 Drake,  

465 

4,690- 

G.52 

9.00 

30,550 

Surface  msmt. 

2S  Jan.  8 i Drake 

465 

4,690 

6.50 

9.55 

30,500 

Surface  msmt. 

DISCHARGE  TABLE  FOR  CHEAT  RIVER,  NEAR  MORGANTOWN, 

WEST  VIRGINIA. 


Feet. 

1.50 

.60 

.70 

.90 

2.00 

.10 

.30 

.30 

.40 

.60 

.60 

.70 

.90 

3.00 

.10 

.20 

.30 


Sec.  ft. 
115 
140 
165 
190 
220 
255 
290 
330 
375 
425 
4S0 
545 
6S 
710 
806 
915 
1045 
1185 
1340 


Feet. 

.40 

..50 

.60 

.70 

.80 

.90 

4.00 
.10 
.20 
.30 
.40 
.50 
.60 
.70 
.80 
.90 

5.00 
.10 
.20 


Note.— This  table  has  been 


Discharge. 

Gage  height. 

' 1 

Discharge. 

Gage  height. 

Discharge. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1520 

.30 

8530 

.20 

18220 

1730 

.40 

9040 

.30 

18730 

195.5 

.50 

9550 

.40 

19240 

2200 

.60 

10060 

.50 

19750 

2450 

.70 

101.570 

.60 

■ 20260 

2710 

.80 

llOSO 

.70 

20770 

5000 

.90 

11590 

.80 

21280 

3300 

6.00 

12100 

.90 

21790 

3620 

.10 

12610 

8.00 

22300 

3960 

.20 

13120 

.10 

22810 

4S20 

.30 

13630 

.20 

233‘'0 

4700 

.40 

14140 

.30 

23830 

5110 

.50 

14650 

.40 

24340 

5550 

.60 

15160 

.50 

24850 

6020 

.70 

15670 

.60 

25360 

6500 

.80 

16180 

.70 

25870 

7000 

.90 

16690 

.80 

26380 

7510 

7.00 

17200 

.90 

26890 

8020 

I •“ 

17710 

9.00 

27409 

Feet. 

.10 

.20 

.30 

.40 

.50 

.60 

.70 

.80 

.90 

10.00 

11.00 

12.00 

13.00 

14.00 

15.00 


Sec.  ft. 
27910 
28420 
2S930 
29440 
29950 
30460' 
30970 
31480 
31990 

o2o.00 

3T60f» 

42700 

47800 

52900 

580'!» 


mpnts  O,  O-  rrini.  above  g.ige  height  4.2'  and  is  based  on  discharge  measure- 

ments  ^ to  2o.  table  applies  to  all  years  1903-12  with  proper  change  of  jrase  heights  1902- 

0<9  by  curve  of  relation  as  explained  in  1910-11  Report  of  Water  Supply  Commission. 
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DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  CHEAT  RIVER  NEAR  MORGANTOWN,  W.  VA. 
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ESTIMATED  INIONTIILY  DISCHARGE  OF  CHEAT  RIVER  NEAR  MOR- 
GANTOWN, W.  VA. 


(Drainage  area  l.SSO  sqaai'e  miles.) 


Discharge  in  Second-feet. 

Run-off. 

MONTH. 

Maximum. 

Minimum. 

.Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

January,  

15700 

7101 

3550 

2.57 

2.96 

February,  

321X10 

51i2 

6020 

4.36 

4.70 

March 

29100 

1340 

9510 

6.89 

7.94 

April,  

S020 

1620 

3180 

3.52 

2.81 

May : 

19SOO 

SCf) 

4110 

2. 93 

3.44 

June,  

6020 

310 

1510 

1.00 

1.22 

July,  

nveo 

1010 

7710 

5.5(0 

6.44 

August,  

13201 

805 

1710 

1.24 

1.43 

September,  

131C0 

512 

2.940 

2.13 

2.3-8 

October,  

2860 

452 

1010 

.73 

.S4 

Noyember,  

167(i'0 

545 

2320 

1.68 

1.87 

December,  

16700 

512 

2020 

1.46 

1.68 

The  year,  

427(M) 

310 

3820 

2.77 

37.71 

TYGART  RIVER 


DESCRIPTION  OF  BASIN. 

The  Tygart,  also  called  Tvgart’s  Valley  river,  rises  in  llie  southern 
part  of  Eandol])!!  county.  ^Y.  Va.,  and  Hows  in  a general  northerly 
direction  to  its  junction  with  the  AVest  Fork  river,  near  Fairmonnt, 
W.  Va. 

Its  length  is  approximately  one  hundred  miles  while  its  drainage 
area,  above  the  iiiontli,  is  a])]>roximately  1,420  square  miles.  The 
elevation  of  the  hills  at  the  source  is  approximately  3.500  feet,  while 
at  its  mouth  the  elevation  is  about  SOO  feet.  In  the  up]»er  portions 
the  country  is  morrntainous,  the  slojies  of  the  valleys  steep  and.  in 
many  places,  precipitous  and  the  fall  of  the  stream  is  rapid.  As  the 
river  approaches  its  confluence  with  the  We.st  Fork  it  flows  through 
a rolling  countiyn  Thei'e  are  no  lakes.  i)onds  oi'  snanqts  on  the 
drainage  area  and  the  flow  is  fla!-;hy.  Tliere  are  many  tributaries, 
the  largest  of  which  are  Euchanan  liver  and  Middle  Fork  river. 
Its  watershed  is  underlain  Iw  very  valuable  and  extensive  coal  beds 
and  contains  oil  and  gas  in  abundance.  At  the  headwaters  tliere 
is  still  some  timber,  but  over  the  general  basin  the  mountains  are 
sparsley  forested.  There  are  several  lai-ge  towns  in  tlie  di-ainage 
basin,  the  n\nst  important  of  which  are  Gi-afton  and  Phillipi.  Little 
water  power  has  been  developed  although  the  main  stream  and  its 
tributaries  afford  ample  opportunity. 

The  mean  annual  precipitation  over  this  watershed  is  from  45  to 
50  inches. 

The  discharge  has  been  measured  since  1907,  at  Fetterman  and 
Bellington,  W.  Va. 
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OHIO  BASIN— STATION  NO.  24. 


TYGART  RIVER  AT  FETTERMAN,  WEST  VIRGINIA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  June  oi'd,  1907,  by  the  United 
States  Geological  Sui'vey,  who  have  maintained  and  operated  it  since 
that  date.  It  is  located  on  tlie  iion,  highway  bridge,  about  1,000 
feet  from  the  B.  & O.  R.  R.  station  at  Fettermau,  Taylor  county,  W. 
^^a.,  and  about  18  miles  above  the  mouth. 

The  channel  is  straight  for  over  500  feet  above  and  below  the  sta- 
tion. The  banks  are  high  and  not  subject  to  overflow.  The  bed  of 
the  stream  is  hard  and  firm. 

Ifischarge  measurements  aie  taken  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  the  face  of  the  right 
abutment,  downstream  side  of  bridge. 

A standard  chain  gage  is  located  on  the  left  of  the  middle  pier  on 
the  downstream  side  of  the  bridge.  The  length  of  chain,  from  the 
bottom  of  the  weight  to  the  marker  is  36.14  feet.  Bench  Mark  No. 
1 is  the  southwest  corner  of  the  lower  right  abutment  of  the  bridge, 
marked  with  black  elevation  31.46  feet  above  gage  datum, 

which  is  957.86  feet  above  sea  level.  Bench  Mark  No.  2 is  the  north- 
east corner  of  upstream  end  of  pier;  elevation,  31.44feet  above  gage 
datum.  A reference  point  is  a file  mark  on  the  upstream  and  right 
edges  of  the  first  vertical  compression  member  from  the  abutment, 
downstream  side  of  left  span,  marked  above  and  below  with  black 
paint,  elevation,  37.01  feet  above  gage  datum.  The  gage  is  read  twice 
daily  by  Joseph  Gerken. 

Since  the  establishment  of  tliis  statioo,  18  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  by  the  United  States  Geo- 
logical Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  TTGART  RIVER,  AT  FETTERMAN, 

WEST  VIRGINIA. 


(Drainage  area  l,3!i0  square  miles.) 


No.  i Date. 

Hydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

1 

! Gage  height. 

1 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq.  ft. 

pel- 

Feet . 

See.  ft. 

; 1912 

sec. 

18  1 Sept.  2 

Bailey 

272 

1646 

1.13 

54)6 

1860 

0.2  and  0.8  method. 

DISCHARGE  TABLE  FOR  TTGART  RIVER,  AT  FETTERMAN,  WEST 
VIRGINIA,  FROM  JUNE  3,  1907  TO  DECEMBER  31,  1912. 


.a 

a) 

xi 

Oi 

d 

1 

Discharge. 

Gage  height. 

i 

Discharge. 

<D 

d 

O 

1 

1 

Discharge, 

Gage  height. 

iiiachargo. 

Gage  height. 

tCi 

d 

O 

Vu 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

2.00 

4 

.50 

1040 

7.00 

5370 

.50 

10050 

12.00 

15060 

.10 

6 

.60 

1176 

.10 

6564 

.80 

10240  • 

.10 

152S4 

.20 

9 

.70 

1324 

.20 

5738 

.70 

10430 

.20 

.30 

12 

.80 

1484 

.30 

5922 

.80 

106-20 

.30 

15732 

.40 

16 

.90 

1650 

.40 

6107 

.90 

10810 

.40 

15956 

.50 

20 

5.00 

1820 

.50 

6292 

10.00' 

UOOO 

.50 

16180 

.60 

25 

.10 

1990 

.60 

64/  / 

.10 

11190 

.60 

16404 

.70 

32 

.20 

2162 

.70 

6662 

.20 

11380 

.70 

16628 

.80 

40 

.30 

2334 

.80 

6848 

.30 

11570 

.80 

16852 

.90 

60 

.40 

2506 

.90 

7034 

.40 

11760 

.90 

170C6 

s.oo 

63 

.50 

2680 

8.00 

7220 

.50 

11950 

13.00 

17300 

.10 

80 

.60 

2854 

.10 

7406 

.60 

ia4o 

14.00 

19600 

.20 

103 

.70 

3(30 

.20 

7592 

.70 

12330 

15.00 

21900 

.30 

154 

.80 

3206 

.30 

7780 

.80 

12520 

16.00 

24300 

.40 

172 

.30 

3382 

.40 

7968 

.901 

12710 

17.00 

26700 

.50 

218 

6.00 

3560 

.50 

8156 

ll.oo’ 

12900 

is.oe 

291.00 

.60 

268 

.10 

3738 

.60 

8344 

.10 

13116 

19.00 

31600 

.70 

323 

.20 

3916 

.70 

8532 

.20 

1593^ 

20.00 

34100 

.80 

384 

.30 

4096 

.80 

8720 

.30 

13548 

21.00 

36600 

.90 

451 

.40 

4276 

.90 

8910 

.40 

137C4 

23.00 

39100 

4.00 

525 

.50 

4456 

9.00 

9100 

.50 

139S0 

23.00 

41700 

.10 

607 

.60 

463S 

.10 

9290 

.60 

14106 

24.00 

443^D0 

.20 

639 

.70 

4820 

.20 

9480 

.70 

14412 

.30 

802 

.80 

5002 

.30 

9670 

.80 

1462S 

.40 

916 

.90 

6186 

.40 

9860 

.90 

1484  i 

DAir.Y  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  TYGART  RIVER  AT  FETTERMAN,  WEST  VIRGINIA. 
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Gage  height  to  top  of  ice.  It  is  not  believed  relation  of  gage  height  to  discharge  was  affected  during  1912, 
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ESTIMATED  MONTHLY  DISCHARGE  OF  TYGART  RIVER,  AT  FETTER- 

MAN,  WEST  VIRGINIA. 

(Drainage  area  l,3'i0  square  miles.) 


Dischai'se  in  Second-feet. 

Run 

-off. 

MONTH. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  stiuare 
mile. 

Depth  in 
inclie.s. 

1912. 

Jannarv 

loSOi} 

1010' 

4170 

3.11 

3.5.8 

Februniw 

19<100 

52.6 

3970 

2.90 

3.19 

March , 

21100 

1110 

GS2ft 

5.09 

5.87 

April 

GllO 

S.5I> 

2G10 

1.95 

2.18 

May,  

4,61 

33S0 

2.52 

2.90 

June,  

3210 

37 

904 

.075 

.7-6 

July 

I'SOO 

131 

5040 

3.76 

1.31 

Aiijjust,  

SeiJtember,  

2nl0 

431 

88S 

.6b3 

.76 

4l\S0i 

9'S 

1170 

.873 

.9/ 

October,  

302 

134 

312 

.233 

.27 

November,  

3310 

21S 

1100 

.888 

.99 

December 

IodOO 

312 

1610 

1.20 

1.38 

The  year 

4,6303 

S7 

2tiS0 

2. CO 

27.18 

WEST  FORK  RIVER. 


DESCRIPTION  OF  BASIN. 

The  West  Fork  river  rises  in  the  western  part  of  Upshur  county, 
W.  Va.,  and  Hows  northwestwaid  into  Lewis  county,  thence  tlowiiii^' 
in  a slight  northeasterly  direction  to  its  junction  with  the  Tygart 
river  near  Fairniount,  W.  Va. 

Its  length  is  approximately  seventy  miles  and  its  <lrainag'e  area, 
above  the  mouth,  is  ab.out  84.5  sipiare  miles.  The  elevation  of  tlie 
hills  at  the  source  is  about  1,600  feet,  while  at  its  mouth  the  eleva- 
tion is  about  860  feet.  It  tlorvs  through  a broad  valley,  the  boialei'- 
ing  hills  being  steep  and  precii)itous  and  slightly'  forested.  Thei^e 
are  no  lakes,  i)onds  or  swamps  on  the  drainage  area.  There  are  nu- 
merous tributaries,  the  largest  of  which  are  Ten  Mile  creek,  Simpson 
creek  and  Stone  Coal  creek.  Its  watershed  is  underlain  by  very 
valuable  and  extensive  coal  beds  and  contains  oil  and  gas  in  abund- 
ance. There  are  several  large  towns  in  the  di-ainage  area,  the  most 
important  of  which  are  Clarksburg  ami  Weston. 

Little  water  power  has  been  develojied,  although  the  main  stream 
and  its  tributaries  afford  am])le  oi>portunity. 

The  mean  annual  precipitation  over  this  watei  shed  is  between  45 
and  50  inches. 

The  discharge  has  been  measured  since  1907,  at  Enterprise,  W. 
Va.,  33  miles  above  the  mouth. 
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OHIO  BASIN— STATION  NO.  25. 


WEST  FORK  RIVER  AT  ENTERPRISE,  W.  VA. 


DESCRIPTION  OF  STATION. 

This  station  was  establibhed  on  June  2,  1907,  by  the  United  States 
(leological  Survey,  who  has  maintained  and  operated  it  since  that 
date,  and  is  located  at  the  steel  highway  bridge  at  Enterprise,  Har- 
rison county,  W.  Va.,  about  three-lourths  of  a mile  above  the  mouth 
of  Bingaman  creek,  and  about  12  miles  above  the  mouth. 

The  channel  is  broken  by  one  pier;  the  bed  being  smooth  rock  and 
permanent.  Both  banks  are  high  and  not  subject  to  overflow. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge  at  ordinary  stages,  and  by  wading  at  a point  200  feet 
above  the  bridge  at  low  stages. 

A standard  chain  gage  is  attached  to  the  bridge.  The  length  of 
chain  from  the  bottom  of  the  weight  to  the  marker  is  37.95  feet. 
Elevation  of  zero  is  869.91  feet  above  sea  level.  Bench  Mark  No.  1 
is  the  northeast  corner  of  the  left  abutment,  downstream  side  of 
bridge;  elevation  33.70  feet  above  gage  datum.  Bench  Mark  No.  2 
is  northwest  corner,  downstream  end  of  pier;  elevation,  33.87  feet 
above  gage  datum.  Reference  point  is  a scratch  on  west  side  of 
third  vertical  member,  downstream  side  of  bridge  about  0.44  feet 
above  top  of  handrail,  elevation,  39.80  feet  above  gage  datum. 

A small  dam  is  located  at  Worthington,  W.  Va.,  about  3 miles 
below  the  station,  but  backwater  does  not  reach  the  section. 

Ice  may  affect  the  relation  of  gage  height  to  discharge  for  two  or 
three  weeks  at  a time,  during  December,  January  and  February. 
During  the  summer  of  1908  the  only  water  i-unning  in  the  river  was 
the  pumpage  from  the  numerous  coal  mines  along  the  stream. 

Since  the  establishment  of  this  station,  18  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  by  the  IT.  S.  Geological 
Survey.  The  data  prior  to  1912  Avill  be  found  in  the  1910-11  Report 
of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  WEST  FORK  RIVER,  AT  ENTER- 
PRISE, WEST  VIRGINIA. 

(Drainage  area  750  square  miles.) 


Date. 

Hydrograpber. 

AVUith. 

1 

o 

c 

cc 

O 

o 

Mean  velocity. 

Gage  height. 

Dlscliarge. 

Remarks. 

1912 

Aug.  28 

Bailey 

Peet. 

154 

Sq.  ft. 

.■574 

Ft. 

per 

sec. 

0.-S9 

Feet. 

2.23 

Sec.  ft. 

334 

0.2  and  0.8  method. 

DISCHARGE  TABLE  FOR  WEST  FORK  RIVER,  AT  ENTERPRISE,  WEST 
VIRGINIA  FROM  JUNE  2,  1907  TO  DEC.  31,  1912. 


Gage  height. 

Discharge. 

5 

Discharge. 

1 

"S 

a 

5 

Discharge. 

Gage  height. 

Discliai'ge. 

j 

Gage  height. 

OJ 

cS 

7j 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

0.00 

0 

.60 

489 

.20 

2362 

.80 

5070 

.40 

8158 

.10 

1 

.70 

540 

.30 

2456 

.90 

5180 

.50 

S2S0 

.20 

2 

.80 

593 

.40 

2552 

8.00 

5290 

.60 

8404 

.30 

4 

.90 

649 

.50 

2650 

.10 

5400 

.70 

8528 

.40 

6 

3.00 

707 

.60 

2750 

.3) 

5510 

.80 

8652 

.50 

9 

.10 

767 

.70 

2SoO 

.30 

5625 

.90 

8776 

.60 

12 

.20 

829 

.80 

2960 

.40 

5740 

11.00 

8900 

.70 

16 

.30 

S93 

.90 

3050 

.50 

5^5 

.10 

9025 

.80 

20 

.40 

^9 

6.0) 

3150 

.60 

5970 

.20 

9150 

.90 

25 

.50 

1026 

.10 

3952 

.70 

6065 

.30 

9275 

1.00 

30 

.60 

1094 

.20 

3356 

.80 

62C: 

.40 

9400 

.10 

36 

.70 

1163 

.30 

3460 

.90 

6320 

.50 

95;s 

.20 

43 

.80 

1233 

.40 

3564 

9.00 

6460 

.60 

9650 

.30 

52 

.90 

1304 

.50 

3670 

.10 

6580 

.70 

£^5 

.40 

04 

4.00 

1377 

.60 

3776 

.20 

6700 

.80 

9900 

.50 

79 

.10 

1451 

.70 

3882 

.30 

SS20 

.90 

lOOfS 

.60 

99 

.20 

1526 

.80 

3988 

.40 

6940 

12.00 

10150 

.70 

124 

.30 

1602 

.90 

4094 

.60 

7060 

15.00 

11450 

.80 

155 

.40 

16S0 

7.00 

4200 

.60 

7182 

14.00 

12750 

.90 

190 

.50 

1759 

.10 

4308 

.70 

7304 

15.00 

14100 

2.00 

227 

.60 

1840 

.20 

4416 

.80 

7426 

16.00 

15450 

.10 

266 

.70 

1922 

.30 

4524 

.90 

7548 

17.00 

16850 

.20 

zm 

.80 

2006 

.40 

4632 

10.00 

7670 

.30 

350 

.90 

2092 

.50 

4740 

.10 

7792 

.40 

t% 

5.00 

2180 

.60 

4850 

.20 

7914 

.60 

441 

.10 

2270 

.70 

4960 

.30 

8036 
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comlitions  existoO  Jnu.  4-19  and  Feb.  2-20.  Discharge  estimated  from  gage  heights  and  climatological 
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ESTIi[ATED  MONTHIA’  DISCHARGE  OF  WEST  FORK  RIVER,  AT 
ENTERPRISE,  WEST  VIRGINIA. 

(iJrainar/e  area  750  square  miles.) 


MONTH. 

Discharge  in  Second-feet. 

Eun-off. 

Maximum. 

Minimum. 

Second-feet  I 
Mean.  per  square  | 

mile. 

Depth  in 
inches. 

1912. 

1 

i 

1660 

2.21 

2.55 

l&'lOO 

2000 

2.67  . 

2.SS 

March,  

10100 

266 

3400 

4.53 

5 ->2 

April,  

4520 

216 

1140 

1.52 

1.70 

Mav,  

1.539 

143 

503 

.671  ' 

.77 

June,  

4H5 

28 

163 

.217 

.24 

July,  

KiSOO 

S9  1 

1330 

1.77 

2.04 

August,  

37.50 

112 

440 

.587  ■ 

.6.5 

September 

3750 

44 

563 

.751 

.84 

October,  

441 

30  1 

111 

.14$ 

.17 

November 

1530 

67  1 

235 

.313 

.33 

December,  

3670 

62  ! 

54S 

.731 

.51 

The  year,  

* 

1010 

1.35  ' 

18.28 

Note. — lee  conditions  existed  Jan. 
and  climatological  records. 


4-19  and  Fob. 


Discbar,ge  estimated  from  gage  heights 


DUNKARD  CREEK. 


DI.sOKlP'ridX  OF  ilASIN. 

Duiikai'd  creek,  a tiihiitaiy  of  tlie  Mouoiigaliela  river  in  Mouoii- 
galiela  county,  West  'S'irginia,  and  (Jreen  county,  Pennsylvania, 
drains  an  aiea  of  ajipioxiniately  23.j  si^naie  miles,  of  wliicli  W.") 
square  miles  lie  in  I’ennsylvania.  Rising  in  two  forks,  Pennsylvania 
and  West  Wrginia  forks,  tlie  former  heading  in  the  south  central 
part  of  Green  county,  and  the  latter  in  the  Avestern  part  of  Monon- 
gahela  count}',  W.  Virginia,  wliich  join  on  the  Pennsylvania-West 
\drginia  line,  the  stream  follows  a general  easterly  direction  through 
a rolling,  well  settled,  tarming  country,  jiractically  deforested,  with 
many  turns,  crossing  and  lecrossing  the  state  line  to  its  montli,  three 
miles  beloAV  Point  IMarion,  Pennsylvania.  The  distance  from  tlie 
forks  to  the  month  is  about  36  miles. 

The  West  Vii-ginia  Fork  rises  at  an  elevation  of  about  1,300  feet, 
and  the  Pennsylvania  Fork  at  an  elevation  of  about  1,400  feet.  Tin* 
junction  lies  at  an  elevation  of  075  feet,  and  the  mouth  at  an  eleva- 
tion of  800  feet.  The  forks  have  an  apjn  oximate  slope  of  30  feet  per 
mile,  whereas  the  fall  from  the  junction  to  the  mouth  is  at 
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llie  rate  of  5 feet  per  mile.  The  principal  tributaries  are  Pennsyl- 
vania and  West  Viiginia  forks.  There  are  only  a few  small  villages 
and  one  borough  in  this  basin,  none  of  which  use  the  water  of  this 
stream  for  domestic  supply.  This  creek  in  the  fall  of  1908  was  ab- 
solutely dry  at  a point  a short  distance  above  its  mouth. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
4.5  inches. 

The  discharge  has  been  measured  since  October  14th,  1909,  at  “Bob- 
town,”  about  two  miles  above  the  month. 


OHIO  BASIN— STATION  NO.  26. 


DUNKARD  CREEK  AT  “BOBTOWN,”  PA, 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania,  in  co-operation  with  the  Flood  Commission  of  Pitts- 
burgh, on  October  14th,  1909,  and  is  located  .on  a single  span,  covered 
\\'ooden  bridge  at  “Bobtown,”  aliont  two  miles  above  its  mouth. 

The  channel  almve  and  below  the  station  is  straight.  Both  banks 
are  high  and  do  not  overflow.  The  bed  is  I’ocky  and  is  mostly  of 
solid  rock  and  is  permanent.  There  is  a deep,  quiet  pool  under  the 
bridge  at  low  stages  with  very  sluggish  velocity.  The  creek  goes 
dry  dniing  every  period  of  drought. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge  during  floods  and  by  wading  during  low  stages.  The 
initial  i>oiut  foi'  soundings  is  top  edge  of  bridge  seat,  left  abut- 
ment. 

A twelve  foot  staff  gage  is  bolted  to  the  downstream  wing  of  the 
left  abutment.  The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark 
No.  1 is  shelf  on  top  of  second  course  from  bottom,  third  .stone  in 
from  face;  elevation,  2.64  feet  above  zero  of  gage.  The  gage  is  read 
twice  daily  by  Frank  South. 

Since  the  establishment  of  this  station,  .3  discharge  measurements 
have  been  made.  Owing  to  the  insufficient  number  of  discharge 
measurements,  no  rating  curve  has  been  computed  for  this  station. 


Si  :i  I idii  dll  I MiiiUii  I'll 
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and  only  the  discharge  measurement  and  daily  gage  heights  have 
been  published.  The  data  prior  to  1912  will  be  found  in  the  1910  11 
Eeport  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  DUNKARD  CREEK,  AT  “BOBTOWN,” 

GREENE  COUNTY,  PA. 

(Drainage  area  230  square  miles.) 


No. 

Date. 

Hydrographer. 

o 

Zj 

c 

X 

o 

Moan  velocity.  j 

C 

o 

" 

Remarks. 

3 

1912 

Dec.  5 

Boehrlnger,  

Feet. 

40 

Sq.  ft. 

3S 

Ft. 

per 

sec. 

l.,24 

Feet. 

1.50 

Sec.  ft. 

47 

0.6  msmt. 

DAir.Y  MEAN  GAGE  HEIGHTS  OF  DUNKARD  CREEK  AT  “BOBTOWN,”  GREEN  COUNTY,  PA. 
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inol  below  ft-a??e  obstructed  by  ice.  flee  running.  tice  gorge,  b Channel  filled  with  ice.  c*  Ice  wont  out  on  this  date,  d Max.  8.80  in  early 
over,  f Max.  G.90  during  night  of  21st.  g Max.  5.20  in  early  a.  m. 
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TURTLE  CREEK. 


DESCRIPTION  OF  BASIN. 

Turtle  creek,  a tributary  of  the  Mouougabela  river  in  Allegheny 
and  Westmoreland  counties,  drains  an  area  of  approxiniateh  ll.j 
square  miles.  Rising  in  the  Avestern  lant  of  estmoreland  countA’, 
it  lloAvs  in  a soutliAvesterly  direction  along  the  Allegheny  county 
line  to  AA'here  it  is  joined  hr  its  largest  tributary,  Ri  irsh  creek,  and 
thence  through  Allegheny  county  to  its  rnorrth,  jirst  above  Eraddock 
borough,  a total  distance  of  about  20  miles.  The  Irasirr  is  fan-shaped 
and  the  area  drained  is  a rolling,  agricultural  corrrrtr-y,  orrly  seveir 
j)er  cent,  being  forested,  the  upper  sectitur  being  errtirely  devoted 
to  farming,  Avhereas  the  lower  section,  alorrg  the  valley,  is  congested 
by  railroads  arrd  imlirstrial  establishments.  The  entire  Avater.shed  is 
derrsely  irrhabited,  many  large  arrd  prosperous  boroughs  lying  alorrg 
the  streanr.  This  stream  rises  at  arr  elevation  of  approximately  750 
feet,  making  tire  average  slope  about  25  feet  per  mile,  but  there  are 
rrrrrnerous  stretches  of  this  stream  Avhich  are  Hat,  shoAving  only  a 
slope  of  from  5 to  0 feet  per  mile.  In  the  loAver  section  the  channel  is 
tilled  to  a considerable  depth  Avith  silt.  Only  one  borortgh  receives 
a domestic  AAUiter  supply  from  a tribirtary  of  Tirrtle  creek,  although 
rrrany  rrranrrfactrrrarrg  establishnrents  rrse  the  Avatcr  for  imlrrstriai 
purposes. 

The  nrean  atrrriral  piecipitatiorr  over  this  Avatershed  is  from  M5 
to  TO  inches. 

The  dischar  ge  has  been  measured  since  December  1st,  1907,  at  East 
I*ittsbrrr-gh,  aborrt  IT  irriles  abore  the  nrouth. 


■OHIO  BASIN— STATIfJN  NO.  27. 


TURTLE  CREEK  AT  EAST  PITTSBURGH,  PA. 


DESCRIPTION  OF  STATION 

This  station  was  established  on  December-  1st,  1907,  by  the  Water- 
Supply  Commission  of  Pennsylvania,  and  is  located  on  the  Cable 
avenue  viaduct  from  the  P.  R.  R.  depot  to  Westinghorrse  Works,  in 
East  Pittsburgh. 
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The  cliauuel  is  straight  above  and  below  the  station  and  is  walled 
in  for  1,000  feet,  while  there  is  a low  dam  200  feet  downstream. 
Both  banks  are  high  and  do  not  oveitlow  except  in  high  backwater 
floods  from  the  Monongahela  river.  The  bed  is  composed  of  gravel 
and  muddy  cla^-  and  is  somewhat  shifting. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  Cable  avenue  viadirct,  the  dnitial  poiut  for  soundings  being  a 
point  on  the  downstream  handrail  directly  above  top  edge  coping 
of  left  bridge  seat. 

Prior  to  December  11,  1912,  a 10  foot  stalf  gage  was  fastened  to 
the  right  abutment,  downstream  corner,  the  elevation  of  zero  being 
722.88  feet.  Bench  Mark  No.  1 is  top  of  right  abrrtment,  downstream 
corner;  elevation,  710.03  feet,  or  23.7.3  feet  above  gage  datum.  On 
December  11,  1912,  however,  the  staff  gage  was  replaced  by  a stand- 
ard chain  gage  fastened  to  the  orrtside  of  the  downstream  handrail, 
the  length  of  chain  being  10.25  feet,  and  was  referenced  to  the  origi- 
nal datum.  The  gage  is  read  twice  daily  by  the  Westinghouse  Elec- 
tric & Mfg.  Company,  East  Pittsburgh. 

This  station  is  within  reach  of  backv;ater  floods  from  the  Monon- 
gahela river. 

Since  the  establishment  of  this  station,  13  discharge  measurements 
have  been  made.  The  data  pidor  to  1912  will  be  found  in  the  1910- 
11  Keport  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  TURTLE  CREEK,  AT  EAST  PITTS- 
BURGH, ALLEGHENY  COUNTY,  PA. 

(Drainage  area  Ho  square  miles.) 


No. 

Date. 

Hydrograpber. 

Width. 

3 

o 

c 

cc 

c 

si 

< 

>> 

5 

o 

5u: 

X. 

Remarks. 

rt. 

1 

I'eet. 

Sci. 

per 

Peet. 

Sec. 

1912 

ft. 

sec. 

ft. 

12 

Dec.  11 

Boehringer 

87 

IW 

1.10 

1.33 

118 

0.6  msint. 

1913 

13 

April  4 

Boehringer  & 

S8 

13S 

1.60 

1.63 

221 

0.6  msmt. 

Knight. 

DISCHARGE  TABLE  FOR  TURTLE  CREEK,  AT  EAST  PITTSBURGH, 
ALLEGHENY  COUNTY,  FROM  DEC.  1,  1907. 


Gage  height. 

Discharge. 

Gage  height. 
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I'eet. 

Sec.  tt. 
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‘Backw.TtPr  from  Monongaliola  Kirer:  gag-e  heights  reduced  to  free  flow  equivalent,  a Mar.  7,50  at  4:45  p.  m.;  3520  sec.  ft.  b Max'.  13.80  at  11:30 
h92.50  sec.  ft.  c Max.  549  at  4:45  p.  m.;  2530  sec.  ft.  d Max.  13.48  at  4:80  p.  in.;  hS800  sec.  ft.  e Max.  7.38  at  4:45  p.  m.;  3490  sec.  ft,  f Max. 
4:45  p.  m. ; 2050  see.  ft.  g Max.  3.S7  at  8:30  a.  m.;  966  sec.  ft.  h Estimated. 
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ESTIMATED  MONTIII.Y  DISCHARGE  OF  TURTLE  CREEK,  AT  EAST 
PITTSRURGH,  ALLEGHENY  COUNTY,  PA. 

(Drainage  area  l.'/ii  square  miles.) 


MONTH. 

Discharge  in  Second-feet. 

Run-off. 

MaxiHium. 

Mean, 

Second-feet 
per  scjuare 
mile. 

Depth  in 
inches. 

1913. 

Jam.  ary,  

735 

75 

213 

1.690 

1.948 

February 

110 

307 

2.117 

2.283 

March,  

h9250 

83 

902 

6.221 

7,172 

April,  

1 <8 

373 

416 

2.869 

3.201 

May,  

587 

148 

311 

2.372 

2.734 

June,  

2t)30 

12:2 

258 

1.779 

1.9S5 

July,  

hSSOO 

130 

658 

1..53S 

5.232 

August,  

34l;0 

90 

2S7 

1.979 

9 9.' 9 

September,  

3060 

114 

329 

2.269 

2.532 

October,  

2S5 

110 

152 

1.048 

1.209 

November 

G75 

68 

216 

1.490 

1.6G2 

December,  

966 

33 

1.57 

1.083 

1.249 

The  year,  

h9230 

33 

356 

2.455 

33.189 

Note. — h Estimated. 


YOUGHIOGHENY  RIVER, 


DESCRIPTION  OF  BASIN. 

The  Y'oughiogheiiy  river,  the  hugest  tributary  of  the  Monongaheia 
river,  draius  an  area  of  approximately  1,800  square  miles  in  Mary- 
land, West  Virginia  and  Pennsylvania,  of  which  about  1,205  square 
miles  lie  in  Penns3dvania.  Rising  near  the  Maryland- West  Virgiuia 
boundary  line,  in  Preston  county.  West  Virgiuia  , to  the  north  of 
the  headwaters  of  the  Potomac  river,  and  upon  the  western  side  of 
Great  Savage  Mountain,  its  course  is  almost  due  north,  roughly 
paralleling  the  Monongaheia  river,  between  Negro  Mountain,  on  the 
east,  and  Briary  Mountain,  on  the  west,  it  crosses  the  state  line  near 
Watsondale,  at  the  juuction  of  Fayette  and  Somerset  counties. 

On  the  upper  reaches  of  this  river  the  grade  is  steep,  but  the  val- 
ley' is  open  and  rolling.  It  soon  becomes  more  mountainous,  how- 
ever, and  the  stream  flows  between  high,  steep  hills,  ending  abruptly 
at  the  water’s  edge,  the  channel  Ijcing  strewn  with  numerous  boulders 
and  large  stones.  The  river  continues  northward  in  this  manner, 
gradually  loosing  its  swiftness,  but  still  retaining  the  hilly  natnre, 
to  Somerfleld,  Pa.,  two  miles  above  the  state  line,  wliere  the  slope 
of  the  stream  is  more  unifoini  and  continues  as  such  to  its  junction 
with  the  Casselman  river.  From  Confluence,  where  it  is  joined  liv 
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its  lai-gest  tributary,  Casselniaii  i iver,  to  its  mouth  the  river  follows 
a general  northwesterly  direction,  the  valley  being  narrow  and  steep, 
and  to  Bidewell  the  stream  flows  at  a fairly  uniform  grade,  gi'adu- 
ally  developing  into  rapids  with  tlie  valley  assuming  a more  gorge- 
iike  form.  Just  above  Ohio]»yle  tlie  stream  becomes  very  rapid,  as- 
suming its  greatest  fall  as  it  makes  a long  loop  around  the  moun- 
tain. Between  Connellsville  and  West  Newton  the  stream  cuts 
Ihroiigh  a succession  of  ridges,  alternating  with  rolling  country  on 
either  side,  and  from  this  jtoiiit  to  its  mouth  the  valley  is  wide  and 
rolling. 

The  total  length  of  this  liver  is  about  125  miles,  of  which  approxi- 
mately 83  miles  lie  in  I'ennsylvania.  Tlie  elevation  of  the  source  is 
a])proximately  3,0b0  feet,  ami  at  tlie  point  where  the  YoTighiogheny 
enters  Bennsylvania  the  elevation  is  1,100  feet,  giving  a slope  of  about 
38  feet  per  mile  in  this  distance.  From  the  state  line  to  Connells- 
ville the  fall  is  at  the  rate  of  apjiroximately  17  feet  per  mile,  and 
from  Connellsville  to  the  mouth,  13  miles,  the  rate  is  3.5  feet  per 
mile.  Between  Chiopyle  and  Connellsville,  a distance  of  17.5  miles, 
the  late  of  fall  is  19  feet  per  mile,  reacliing  at  Ohiopyle  Falls  a rate 
of  over  50  feet  per  mile. 

The  principal  tributaries  of  the  Youghiogheny  liver  in  Pennsyl- 
vania are  Big  Sewickley  creek,  Indian  creek  and  the  Casselman 
i'iver.  There  are  many  tributaries  in  Maryland  and  West  Virginia, 
the  principal  being  Bear  creek.  Deep  creek,  Little  Youghiogheny  and 
Bliine  creeks. 

The  headwaters  of  this  stream  and  the  basin  of  it  as  far  down  as 
Connellsville  is  sparsely  inhabited,  well  covered  with  second  growth 
timber,  with  some  farming  and  coal  mining  carried  on.  From  Con-; 
nellsville  to  the  inoutli  the  watershed  is  densely  inhabited,  especially 
in  the  valleys,  which  are  industrially  veiy^  active,  the  surrounding 
hills  being  practically  deforested,  while  considerable  farming  is  car- 
ried on.  The  region  is  the  center  of  the  vast  bituminous  coal  pro- 
ducing and  coke  making  Itelt  and  the  sti’eams  are  laden  with  mine 
water  and  sulphur.  Four  large  boroughs  and  many  large  villages 
lie  in  this  area,  some  of  the  communities  obtaining  a domestic  water 
sujtplj^  from  the  stream. 

Navigation  on  the  Youghiogheny  river  was  at  one  time  improved 
by  the  construction  of  dams  and  locks,  from  McKeesport,  at  its 
month,  to  West  Newton,  19  miles  above.  Since  1868,  however,  this 
navgiation  has' been  almndoned,  and  all  dams  and  locks  removed 
from  the  river. 

The  mean  annual  precipitation  over  the  lower  portion  of  this 
watershed  is  from  35  to  40  inches,  the  central  portion  from  45  to 
50  inches,  while  the  upper-  portion  is  subject  to  a rainfall  of  from 
40  to  45  inches. 


/ 


Gaging  Station  on  Youghiogiieiij'  Kiver,  at  Oonliuenc-e. 
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The  clischai'j;e  lias  been  measured  at  Frieiidsville,  Md.,  Conilueiice, 
Pa.,  and  at  Couuellsville,  Pa.,  since  August  17,  ISOS,  Sejitember  I."), 
1904,  and  duly  22,  1908,  respectively,  the  former,  however,  being 
discontinued  on  December  31,  1904. 


OHIO  P.ASIN— STATION  NO.  28. 


YOUGHIOGHENY  RIVER  AT  CONFLUENCE,  PA. 


DESCKII’TION  OF  STATION. 

This  station  was  established  by  the  United  States  Geological 
Survey  on  September  l.oth,  1904.  On  Ajiril  1st,  1907,  this  station 
was  taken  over  b}-  the  Watei-  SiijijOy  Commission  of  ITnn.sylvania, 
which  has  been  ojierating  it  since  that  date.  It  is  located  on  a two- 
span,  steel,  highway  bridge,  about  one-fourth  to  one-half  mile  from 
the  railroad  station  at  Continence. 

The  channel  is  straight  for  200  feet  above  and  500  feet  below 
the  station.  The  right  bank  is  high  and  does  not  overflow,  while 
the  left  bank  is  low  and  overflows  during  high  water.  The  bed  is 
rocky  and  there  aie  two  channels  at  all  stages.  There  is  a small  cob- 
ble stone  dam  from  four  to  six  inches  high  under  the  bridge. 

Discharge  measui'ements  are  made  from  the  upstream  side  of  the 
bridge.  The  initial  point  for  soundings  is  center  of  bridge  ]dn  over 
right  abutment  on  npsti  eam  side  of  bridge. 

A standard  chain  gage  is  fastened  to  the  downstream  handrail  of 
the  bridge.  The  length  of  chain  from  the  bottom  of  weight  to  the 
marker  is  23.19  feet.  The  elevation  of  zero  is  ai'biti'ary  datum. 
Bench  Mark  No.  1 is  a cross  on  head  of  rivet  iii  bed  i)late  at  right 
abutment  on  downstream  side;  elevation  20.53  feet  above  gage  da 
turn.  Bench  Mark  No.  2 is  a cross  on  lower  chord  of  biidge  under 
the  gage  box;  elevation.  20.28  feet  above  gage  datum.  The  gage  is 
read  once  daily  by  Lloyd  L.  Mountain. 

Since  the  establishmeTit  of  this  station.  21  discharge  measurements 
have  been  made.  The  data  prioi-  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  YOUGHIOGHENT  RIVER,  AT  CON- 
FLUENCE, SOMERSET  COUNTY,  PA. 

(Drainage  area  JfSo  square  miles.) 


No. 


Date. 


Hydiograiilier. 


1913 

Dec.  4 I Boehringer, 


Feet., 

200 


Sq. 

ft. 

2S5 


Ft. 

per 

sec. 

1.45 


Feet. 

2.50 


Sec.' 

ft. 

414 


Remarks. 


1.6  measurement. 


DISCHARGE  TABLE  FOR  YOUGHIOGHENY  RIVER,  AT  CONFLUENCE, 
SOMERSET  COUNTY,  FROM  SEPT.  1.5,  1904. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

' Discharge. 

.a 

.a 

o 

CD 

a 

O ■ 

1 

Discharge.  ! 

i 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.00 

.40 

1335 

.70 

5530 

10.00 

10150 

.30 

14770 

.10 

16 

.50 

1420 

.so 

5670 

.10 

10290 

.40 

14910 

.15 

19 

.60 

1510 

.90 

5810 

.20 

10-1 30 

.50 

15060 

.20 

23 

.70 

1600 

7.00 

5950 

.30 

ia570 

.60 

15190 

.25 

28 

.80 

1696 

.10 

6090 

.40 

10710 

.70 

15330 

.30 

ifo- 

.90 

1795 

.20 

6230 

.50 

10-850 

.80 

15470 

.35 

42 

4.00 

19CO 

.30 

6370 

.60 

10990 

-.90 

15610 

.40 

50 

.10 

2006 

.40 

6510 

.70 

11130 

14.00 

15750 

.45 

60 

.30 

2110 

.50 

667.0 

.80 

112(70 

.10 

15890 

.50 

70 

.30 

2225 

.60 

6790 

.90 

11410 

.20 

16030 

.55 

81 

.40 

23  40 

.'-0 

onso 

11.00 

11550 

.30 

16170 

.60 

W 

.50 

2460 

.80 

7070 

.10 

11690 

.40 

16310 

.65 

108 

.60 

2580 

.90 

7210 

.20 

HS30 

.50 

16455 

.70 

124 

.70 

2710 

8.00 

7300 

.30 

11970 

.60 

16590 

.75 

140 

.80 

2S50 

.10 

7400 

.40 

12110 

.70 

16730 

.80 

160 

.90 

2990 

.20 

7630 

.50 

12260 

.80 

16870 

.8.5 

180 

5.00 

3135 

.30 

7770 

.60 

12390 

.90 

17010 

.90 

202 

.10 

3276 

.40 

7910 

.70 

12F30 

15.00 

17150 

225 

.20 

3417 

.50 

8060 

.80 

12670 

.10 

17290 

3.00 

2SO 

.30 

3.558 

.60 

8190 

.90 

12810 

.20 

1T430 

.10 

308 

.40 

3700 

.70 

S330i 

12.00 

13960 

.39 

17570 

.30 

370 

.50 

3S42 

.80 

8470 

.10 

13090 

.40 

17710 

.30 

441 

.60 

3984 

.90 

8616 

.20 

13230 

.50 

17850 

.40 

518 

.70 

4126 

9.00 

8750 

.30 

13370 

.60 

■ 17990 

.50 

505 

.80 

4268 

.10 

8890 

.40 

13510 

.70 

18130 

.60 

673 

.90 

4409 

.30 

9030 

.50 

13650 

.80 

18270 

.70 

750 

6.00 

4550 

.30 

9170 

.60 

13790 

.90 

18410 

.80 

830 

.10 

4690 

.40 

9310 

.70 

139S0 

16.00 

184.50 

.90 

010 

.20 

4830 

.50 

9450 

.80 

14070 

3.00 

995 

.30 

4970 

.60 

9590 

.90 

14210 

.10 

1080 

.40 

5110 

.70 

9730 

13.00 

14350 

.20 

1166 

.50 

5250 

.80 

9870 

.10 

14490 

.30 

ISO 

.60 

5390 

.90 

10010 

.20 

14630 
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11.75  ft. =12600  sec.  ft.  during  night  of  15th. 
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ESTIMATE1>  MONTHLY  DISCHARGE  OF  YOUGHIOGHENY  RIVER  AT 
CONFLUENCE,  SOMERSET  COUNTY,  PA. 


(Drainage  area  Ji35  square  miles.) 


MONTH. 

Disebarge  in  Secoud-feet. 

Ruii-ofE. 

Maximuiu. 

Miuimum. 

Mean. 

Seoond-feet 
per  square 
mile. 

Depth  in 
inches. 

1^12. 

1330 

3.524 

1820 

4 184 

4.512 

March,  

126iXI 

995 

4010 

9.218 

10.52S 

April 

2m 

910 

1470 

3.379 

3.770 

May 

7700 

556 

1700 

3.908 

4.. 506 

Jime 

3060 

160 

630 

1.448 

1.616 

July 

17100 

67  li 

2570 

5.908 

6.812 

August 

1330 

364 

6G6 

1.531 

1.765 

September,  

5SoO 

35S 

15S0 

3.6S3 

4.052 

October,  

IlOU 

36 

481 

1.106 

1.275 

November,  

3oC0 

256 

710 

1.632 

1.8a 

Oecember,  

■1130 

250 

886 

2.037 

2.348 

The  j ear,  

1490 

3.420 

46.620 

Note.— On  account  of  ice  gorge  from  .Jan.  17-Feb.  26,  inclusive,  ilaily  discharge  estimated  from 
yotghiogheny  Itiver  at  Connellsville. 


CASSELMAN  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Ca.sselinan  ri\ei-,  the  largest  tributary  of  the  Youghiogheiiy 
liver,  drains  an  area  of  approximately  578  square  miles,  of  which 
480  lie  in  Penns3dvania  and  08  in  Alaiyland.  Rising  in  two  branches, 
the  North  and  the  South,  in  Garrett  county,  Maiydaud,  which  join  in 
the  above  county  about  four  miles  south  of  the  Mason  aud  Dixon 
line,  the  sti-eam  Hows  northeasterty"  into  Pennsylvania  at  Meyers- 
dale,  Somerset  county,  where  it  turns  northwesterly  to  Rockwood 
and  thence  southwesterly  to  the  youghioglieuy  river,  at  Confluence, 
Somerset  county.  Pa.  The  North  and  South  Branches  respectively, 
are  13  and  8 miles  long,  and  the  main  river,  from  their  junction  to 
its  mouth,  is  23  miles  in  length.  Its  course  tlirorrgh  Maryland  and 
the  southern  part  of  Somerset  county.  Pa.,  lies  through  a fertile, 
rolling  valley,  between  Negro  and  Meadow  mountains,  whose  aver- 
age width  is  about  six  miles.  From  Meyersdale  to  its  mouth,  the 
course  of  the  stream  becomes  more  confined,  and  the  valley  is  steep 
and  grows  deeper  toward  its  mouth.  This  river  has  a rapid  fall 
throughout  practically  its  entire  length.  The  principal  tributary 
is  Laurel  Hill  creek,  which  enters  the  river  just  above  its  confluence 
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with  the  Youghiogheiiy  river.  The  valle3’S  are  largely  iiiider  culti- 
vation, while  the  hillsides  and  mountain  tops  are  covered  with  second 
growth  timber. 

There  are  numerous  small  boroughs  and  villages  in  tliis  drainage 
basin.  Bituminous  coal  is  being  extensively  mined,  and  with  farm- 
ing, is  the  principal  industry.  The  drainage  basiu  has  been  virtually 
deforested,  but  is  rapidly  being  covered  with  second  growth.  A few 
of  the  tributaries  of  the  Casselmau  river  are  xised  as  sources  foi' 
domestic  supply. 

The  mean  annual  precipitation  ovei-  this  watershed  is  between  4tl 
and  45  inches. 

The  discharge  has  been  measured  sinced  September  Both,  1904, 
at  Confluence,  about  one  mile  above  the  mouth. 


OHIO  BASIN-STATION  NO.  29. 


CASSELMAW  RIVER  AT  CONFLUENCE,  PA. 


DESCRIPTION  OF  STATION. 

This  Station  was  establi.shed  by  the  United  States  (leological  Sur- 
vey oil  September  l.jth,  1904.  On  Aiuil  1st,  1907,  this  station  was 
taken  over  by  the  Water  Supply  Commission  of  Peunsylvania,  wliicli 
has  been  operating  it  since  that  date.  It  is  located  on  a two-span, 
steel  highway  bridge,  about  500  yards  from  the  railroad  station  at 
Confluence. 

The  channel  is  straight  for  200  feet  above  and  500  feet  below  the 
station.  The  right  bank  is  higli  and  not  subject  to  overflow,  Avhile 
the  left  bank  is  low  and  overflows  during  extreme  high  water, 
bed  is  covered  with  boulders,  ivith  some  vegetation.  There  are  two 
channels  at  all  stages  and  the  ciiri-ent  is  swift. 

Discharge  measurements  are  taken  from  tlie  ui)streani  side  of  tlie 
bridge.  The  initial  point  for  soundings  is  center  of  luddge  pin  over 
right  abutment  on  upstream  side. 

A standard  chain  gage  is  fastened  to  the  upstream  handrail.  The 
length  of  chain  from  the  bottom  of  the  iveight  to  the  marker  is  21.40 
feet.  The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No.  1 
is  a chiselled  draft  marked  with  paint  on  tlie  right  abutment  on  the 
doAvnstream  side;  elevation  17.88  feet  above  gage  datum.  Bench 
Mark  No.  2 is  a cross  on  the  top  of  lower  chord  of  bridge  near  gage; 
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elevation,  18.G1  feet  above  gage  datum.  Bench  Mark  No.  3 is  on  the 
upstream  wingwall,  right  abutment,  on  natural  shelf  in  10th  course 
from  top,  1.7  feet  in  from  corner  of  wingwall  and  face  of  abrrtment, 
and  0.4  feet  down  from  top  of  course;  elevation  (i.GS  feet  above  gage 
datum.  The  gage  is  read  once  dai!}'  by  Lh\yd  L.  Mountain. 

This  station  is  of  valire  chiefly  for  low  water  measurements  as 
the  discharge  values  for  higli  gage  readings  are  liable  to  be  con- 
siderably in  error  owing  to  freciuent  backwater  from  the  Youghio- 
gheny  river. 

Since  the  establishment  of  this  station,  23  discharge  measurements 
have  been  made.  The  data  prior  to  1012  will  be  found  in  the  1910- 
11  Keport  of  the  Water  Supply  ('ommission  of  Pennsylvania. 


DISCPIARGE  MEASUREMENTS  OF  OASSErAtAN  RIVER,  AT  CON- 
FLUENCE, SOMERSET  COUNTY,  PA. 

(Drainage  area  J/SO  square  miles.) 


! 

No.  Date. 

Ilydrographer. 

A 

Area  of  section,  j 

1 

: ] 

Moan  velocity.  | 

* 

•jq.oioTj  i 

■ .1 

Discharge. 

. . 1 

Kemarks. 

P’eet. 

Sq. 

rt, 

pei 

Feet. 

See. 

1912 

ft. 

sec. 

ft. 

23  Dec.  4, 

Boetiringer,  

217 

325 

1.32 

2.4S 

429 

O.C  msmt. 

DISCHARGE  TAP.LE  FOR  CASSELMAN  RIVER,  AT  CONFLUENCE, 
SOMERSET  COUNTY,  FROM  .TANUARY  1,  1912. 


Gage  height. 

Di.'icharge. 

Gage  lieight. 

1 

Discharge. 

Gage  height,  [ 

j 

<L> 

rt 

13 

Vj 

Gage  lieight. 

1 

<C 

rt 

"o 

•M 

Gage  height. 

c3 

rt 

rt 

*0 

Vi 

G 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.30 

8 

2.00 

220 

.70 

780 

.40 

1495 

.10 

2300 

.40 

20 

.10 

280 

.80 

875 

.50 

1605 

.20 

2420 

.50 

37 

.20 

3o0 

.90 

970 

.GO 

1720 

.3^} 

2540 

.00 

61 

.30 

430 

3.00 

1070 

.70 

1835 

.40 

2600 

.70 

93 

.40 

510 

.10 

1175 

.80 

19.50  i 

.50 

2785 

.SO 

130 

.50 

G(>0 

.20 

1280 

.90 

2065  1 

.60 

2910 

.90 

170 

.60 

690 

.30 

1385 

4.00 

3180 

.70 

303C 
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BACKWATER  DISCHARGE  TABLE  FOR  CASSELMAN  RIVER,  AT  CON- 
FLUENCE, SOMERSET  COUNTY,  FROM  JANUARY  I,  1912. 


Gage  height. 

6 

tD 

d 

.a 

o 

V} 

5 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

— 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

4.00 

2175 

.90 

4560 

.80 

8390 

.70 

12335 

.60 

16265 

.10 

22f75 

7.00 

4680 

.90 

8525 

.80 

12465 

.70 

16400 

.20 

2ST0 

.10 

4800 

10.00 

8660 

.90 

126C0 

.80 

16540 

.30 

2460 

.20 

4925 

.10 

8795 

13.00 

12:735 

.90 

16675 

.40 

S50 

.30 

50oO 

.20 

8930 

.10 

12870 

16.00 

16810 

.50 

2630 

.40 

5170 

.30 

OtfOb 

.30 

13005 

.10 

16945 

.60 

2705 

.50 

5290 

.40 

9205 

.30 

131401 

.20 

17080 

.70 

2780 

.60 

5420 

.50 

9340 

.40 

13280 

.30 

17215 

.80 

2850 

.70 

5545 

.60 

9475 

.50 

13115 

.40 

.17356 

.90 

2920 

.80 

5675 

.70 

9610 

.60 

13.550 

.50 

17490 

5.00 

2990 

.90 

6810 

.80 

97 4o 

.70 

13685 

.60 

17626 

.10 

3060 

8.00 

b9oO 

.90 

9880 

.SO 

13820 

.70 

17760 

.20 

3125 

.10 

6080 

11.00 

10020 

.90 

13ffi55 

.80 

17895 

.30 

3190 

,20 

6230 

.10 

10155 

14.00 

14095 

.90 

ISOSO 

.40 

3255 

.30 

6355 

.20 

10290 

.10 

141.’30 

17.00 

18170 

.50 

3320 

.40 

6490 

.30 

10425 

.20 

14365 

.10 

18306 

.eo 

3375 

.50 

6626 

.40 

10660 

.30 

14500 

.20 

18440 

.70 

3430 

.60 

6760 

.50 

10695 

.40 

14635 

.30 

18575 

.80 

3500 

.70 

6895 

.60 

10835 

.50 

14770 

.40 

18710 

.90 

3570 

.80 

7030 

.70 

10970 

.60 

14910 

.50 

18843 

€.Ci0 

3640 

.90 

7165 

.SO 

11105 

.70 

15045 

.60 

18985 

.10 

3710 

9.00 

7300 

.90 

11240 

.80 

15180 

.70 

19120 

.20 

3780 

.10 

7435 

12.00 

11375 

.90 

15315 

.80 

19255 

.30 

3875 

.20 

7575 

.10 

115.10 

15.00 

15450 

.90 

19490 

.40 

3970 

.30 

7710 

.20 

11650 

.10 

15585 

18.00 

19525 

.50 

4080 

.40 

7845 

.30 

11785 

.20 

15725 

.10 

19660 

.60 

4200 

.50 

7980 

.40 

11920 

.30 

15860 

.70 

4320 

.60 

8115 

.50 

12055 

.40 

1F,995 

.80 

4440 

.70 

SffiO 

.60 

12190 

.50 

16130 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  CASSEIAIAN  RIVER  AT  CONFLUENCE,  SOMERSET  COUNTY, 
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On  account  of  ice  conditions  the  daily  discharge  for  Jan.  6 to  March  20,  inclusive,  was  estimated  from  Youghiogheny  Elver  at  Connellsville  and  climatological 
records.  flee  went  out  about  11:00  a.  m.,  and  gorged  below  the  confluence,  backing  up  water.  tChannel  open  through  gorge.  a Channel  frozen  and  starting 
to  gorge.  b Ice  on  shores. 
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ESTIMATED  MdNTHLY  DISCHARGE  OF  CASSEOIAX  RIVER  AT  CON- 
FLUENCE, SOMERSET  COUNTY. 

(Drinage  area  ioO  square  miles.) 


MONTH. 

Dischar 

ge  in  Second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

1912. 

&72 

2.160 

*>  490 

February 

1030 

2.SS3 

2.516 

I'QYiO 

31*0 

6 533 

7 99$ 

April 

m 

1170 

2.&30 

2.9C-1 

May 

56' 0 

.119 

L3C0 

3.333 

3.S43 

June,  

STSG 

130 

Oife 

1.322 

1.475 

July 

12400 

17 -Hj 

3.S6T 

4 . 4oS 

August 

2750 

fSO 

S'3 

1.562 

2.262 

September,  

49:0 

470 

1730 

3.S44 

4.2Sb 

October,  

10t.0 

2’.0 

1512 

1 .SO*) 

1.56S 

November, 

2S0 

700 

1.556 

1.73' 

December,  

3i.'35 

2SC 

632 

l.-i-Ji 

1-619 

The  year.  

1223 

2.723 

37.149 

Note. On  account  of  ice  conditions 

the  daily  diS' 

charge  from 

Jan. 

6 to 

March  rO,  inclii 

sive,  5va.s 

estimated  from  Vonghioghenj  liirer  at  Coiinellsville  and  climatological  records. 


LAUREL  HILL  CREEK. 


DESCRIPTION  OF  BASIN. 

Laurel  Hill  eieek.  in  Soraer.set  aud  Fayette  counties,  the  princi- 
pal tributary  of  the  Casselinan  river,  drains  an  area  of  approxi- 
mately 125  square  miles.  Rising  in  the  southeasterir  corner  of  Jeff- 
erson township.  Somerset  county,  this  stream  flows  northward  a 
short  distance,  and  then,  describing  a semi-circle,  turns  southward, 
through  a hilly  farming  country,  almost  deforested  and  underlain 
with  bituminous  coal,  to  its  mouth  at  Confluence,  a distance  of  about 
30  miles.  There  are  maiyv  tributaries  to  this  stream,  none  of  which, 
however,  drain  an  area  of  more  than  seven  or  eight  square  miles, 
the  watershed  being  an  approximate  parallellogram  seven  miles  in 
width  and  about  IT  miles  in  length.  One  borough  and  numerous 
farming  villages  are  located  on  this  basin.  A few  private  water  sup- 
plies are  obtained  from  this  watershed. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  September  15th,  1904.  at 
Confluence,  near  its  mouth. 
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OHIO  BASIN— STATION  NO.  30. 


LAUREL  HILL  CREEK  AT  CONFLUENCE,  PA. 


DESCRIPTION  OP  STATION. 

This  station  was  established  by  the  United  States  Geological  Sur- 
vey on  September  15th,  1901.  On  x\pi-il  1st,  1907,  this  station  was 
taken  over  b}'  the  Water  Supply  Commission  of  Pennsylvania,  which 
has  been  operating  it  since  that  date.  It  is  located  on  a single  span, 
steel  highway  bridge,  near  a tannery,  one-fourth  mile  from  the  rail- 
road station  at  Continence. 

The  channel  is  straiglit  for  25  feet  above  and  300  feet  below  the 
station.  The  right  bank  is  low  and  clean,  but  subject  to  overflow 
during  high  water,  wliile  the  left  bank  is  high  and  does  not  overflow. 
The  bed  is  composed  of  rough  cobble  stones  and  is  permanent.  The 
current  is  swift.  In  Sej)teniber.  P.tOS,  (he  creek  was  practically  dry. 

Uischarge  measurements  are  made  from  the  downstream  side  of 
the  bridge.  The  initial  point  for  soundings  is  center  of  bridge  pin 
over  left  abutment  on  left  side  of  bridge. 

A standard  chain  gage  is  fastened  to  the  downstream  handrail  of 
the  bridge.  The  length  of  chain  fiom  the  boltom  of  weight  to  the 
marker  is  17.10  feet.  Tlie  elevation  of  zero  is  ai  bitraiy  datum.  Bench 
Mark  No.  1 is  a cross  on  top  of  bolt  in  bed  plate  of  bridge  at  right 
abutment;  elevation,  11.10  feet  above  gnge  datum.  Bench  Mark  No. 
2 is  a cross  on  lower  chord  of  bridge  under  gnge  box;  elevation,  14.71 
feet  above  gage  datum.  Tire  gage  is  read  once  daily  by  Lloyd  L. 
Mountain. 

This  station  is  of  value  chiefly  for  low  water  measurements  as 
the  discharge  values  from  high  gage  readings  are  liable  to  be  con- 
siderably in  error  owing  to  frequent  backwater  from  the  Yonghio- 
gheny  and  Casselman  rivers,  and  the  discharge  above  gage  height 
1.7  feet  has  not  been  published  for  this  reason. 

Since  the  establishment  of  this  station,  21  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Comission. 
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DISCHARGE  MEASUREMENTS  OF  LAUREL  HILL  CREEK,  AT  CON- 
FLUENCE, SOMERSET  COUNTY,  PA. 

(Drainage  area  126  square  miles.) 


N«. 

Date. 

Hydrographer. 

Area  of  section. 

1 

5 

n 

o 

"o 

iC 

a 

'h 

o 

c3 

*? 

K( 

Itemarks. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Kee. 

1913 

ft. 

sec. 

ft. 

21 

Dec.  4, 

Boebrlngpr 

91.6 

149 

0.99 

3.n 

I— 1 

0.6  measurement. 

DISCHARGE  TABLE  FOR  LAUREL  HILL  CREEK  AT  CONFLUENCE, 
SOMERSET  COUNTY,  FROM  SEPT.  16,  1904. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Tc 

D 

t£ 

i)ischarge. 

*a 

o 

t£ 

Discharge. 

1 

*53 

o 

tx 

c3 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.40 

1 

.10 

So 

.80 

425 

.50 

835 

.20 

U6o 

.50 

4 

.20 

130 

.90 

495 

.60 

S85 

.30 

1210 

.00 

8 

.20 

170 

3.00 

5b0 

.70 

935 

.40 

126.5 

.70 

16 

.40 

210 

.10 

626 

.80 

985 

.50 

1295 

.80 

26 

.50 

260 

.20 

CSO 

.90 

1C30 

.60 

1335 

.m 

41 

.GO 

310 

.30 

735 

4.00 

1075 

.70 

1375 

2.00 

62 

.70 

36.i 

.40 

785 

.10 

1120 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  LAUREL  HILL  CREEK  AT  CONFLUENCE,  SOMERSET  COUNTY 
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*P.ack  water  from  g'orge  on  Casseliiian  Kiver.  On  account  of  ice  conditions  tbe  daily  discharge  from  Jan.  S-March  20,  inclusive,  estimated  from  Youghiogheny 
Kiver  at  Connellsville  and  climatological  records.  flee  along  shores. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  LAUREL  HILL  CREEK, 
CONFLUENCE,  SOMERSET  COUNTY. 


AT 


(Drainage  area  126  square  miles.  I 


Discharge  in  Second-feet. 


Run-off. 


MONTH. 


Maximum. 


1&12. 

January,  

February 

April,  

May,  

June 

July 

August,  

September,  

October,  , 
November, 

December, 


Minimum. 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

2,01 

2.310 

2.663 

300 

2.381 

m 

47.5 

3.779 

4.3)0 

130 

20 

47 

35 

320 

2.S10 

2.92S 

30 

3ca 

1.595 

1.839 

1 45 

196 

1.556 

1.736 

' 35 

205 

1.S27 

1.S76 

Note. — On  account  of  ice  conditions  the  daily  discharge  from  Jan.  S-March  20.  inclusive, 
estimated  from  You.ghiogheny  River  at  Connollsville  and  climatoloaical  records.  All  gage  heights 
above  4.7  ft.  subject  to  backwater,  and,  therefore,  no  data  above  this  gage  height  has  been 
published. 


OHIO  BASIN— STATION  NO.  31. 


YOUGHIOGHENY  RIVER  AT  CONNELLSVILLE,  PA. 


DESCRIPTION  OF  STATION. 

This  station  was  establislied  by  the  Water  Supply  romniission  of 
Pennsylvania  on  -Tnly  22ncl,  190S,  and  is  located  on  a two-s])an,  steel, 
throngli  truss,  highway  bridge  on  the  road  from  Connellsville  to  New 
Haven. 

The  channel  above  the  station  is  straight  for  onehalf  mile,  with- 
riffles  tlOO  feet  upstream,  while  the  channel  below  the  station  is 
straight  for  600  feet  with  riffles  600  to  SOO  feet  downstream.  A rail- 
road bridge  crosses  the  river  .500  feet  below.  The  right  bank  is  high 
and  does  not  overflow,  the  B.  & O.  tracks  and  retaining  wall  being 
along  this  side  of  the  stream.  The  left  bank  is  high  and  does  not 
overflow.  The  bed  is  composed  of  rocks,  gravel  and  mud  and  is 
permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge  and  by  wading  during  extreme  low-  w-ater  at  a section 
600  feet  above  the  B.  & O.  pumping  station  which  is  about  one  mile 


20 
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above  the  bridge  ou  the  right  bank.  The  initial  point  for  soundings 
on  the  first  span  is  a point. on  the  downstream  handrail  directly 
above  face  of  conciete  retaining  wall  at  B.  & O.  tracks;  on  the  second 
span  at  the  bend  in  the  handrail  over  the  second  pier. 

A standard  chain  gage  is  bolted  to  the  downstream  handrail  in 
the  New  Haven  span.  Tlie  length  of  the  chain  from  the  bottom  of 
the  weiglit  to  the  low  water  marker  is  34.21  feet,  and  to  the  high 
water  marker  24.21  feet.  The  elevation  of  zero  of  the  gage  is  860.131 
feet,  U.  S.  G.  S.  levels.  Bench  Mark  No.  1 is  a chiselled  point  on 
projecting  stone  in  retaining  wall  on  New  Haven  side,  below  bridge, 
and  is  the  lowest  stone  at  this  point.  “B.  M.”  chiselled  into  stone 
above.  Elevation,  864.656  feet  or  4.525  feet  above  gage  datum. 
Tlie  gage  is  read  twice  daily  ))y  an  employee  of  F.  W.  Scheidenhelm, 
Consulting  Engineei-,  who  co-operates  in  the  maintenance  of  this  sta- 
tion. 

Since  the  establishment  of  Ihis  station,  16  discharge  measurements 
have  been  made. 
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DISCHARGE  MEASUREMENTS  OB’’  YOUGHIOGHENY  RIVER,  AT  CON- 
NELLSVILLE,  FAYETTE  COUNTY,  PA. 

(Drainage  area  1,320  square  miles.) 


No. 

Date. 

Hydrographer. 

Width. 

1 

Area  of  section.  | 

Mean  velocity.  j 

' 1 

Gage  height. 

Discharge. 

Remarks. 

Ft. 

Feet. 

So. 

1 per 

B'eet , 

Sec. 

1912 

It. 

1 sec. 

j 

1 ft. 

16 

Dec.  3, 

Boehringer 

232 

1 9S2 

1.15 

1 3.22 

1129 

Surface  msmt. 

DISCHARGE  TABLE  FOR  YOUGHIOGHENY  RIVER  AT  CONNELLS- 
VILLE,  FAYETTE  COUNTY,  FROM  JULY  22,  1908. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

I 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

0.00 

.70 

1715 

.40 

6590 

.10 

14530 

.80 

25000 

.10 

io 

.80 

1855 

.50 

6820 

.20 

14860 

.90 

15440 

.20 

20 

.90 

2000 

.60 

7050 

.30 

15200 

U.OO 

35SS0 

.30 

35 

3.00 

2145 

.70 

7280 

.40 

15550 

.10 

26320 

.40 

66 

.10 

2305 

.80 

7520 

.50 

15930 

.20 

26760 

.50 

75 

.20 

2470 

.90 

77S0 

.60 

16290 

.30 

2rr2oo 

.60 

100 

.30 

2640 

6.00' 

8040 

.70 

16660 

.40 

27650 

.70 

130 

.40 

2810 

.10 

8300 

.80 

17030 

.60 

28100 

.80 

160 

.50 

2980 

.20 

8580 

.90 

17400 

.60 

28550 

.90 

200 

.60 

3150 

.30 

8860 

9.00 

17770 

.70 

29000 

1.00 

250 

.70 

3326 

.40 

9150 

.10 

1S140 

.80 

29470 

.10 

300 

.80 

3500 

.50 

9450 

.20 

18510 

.90 

29960 

.20 

350 

.90 

3680 

.60 

9750 

.30 

18890 

12.00 

30450 

.30 

410 

4.00 

3860 

.70 

10065 

.40 

19370 

.10 

SOOTO 

.40 

475 

.10 

4040 

.80 

10360 

.50 

19650 

.20 

3i450 

.50 

645 

.20 

4220 

.90 

10665 

.60 

20040 

.30 

3195.0 

.60 

615 

.30 

4400 

7.00 

10970 

.70 

2)0440 

.40 

3*3150 

.70 

690 

.40 

4580 

.10 

112S0 

.80 

20840 

.50 

32S60 

.80 

770 

.50 

4770 

.20 

11590 

.90 

21240 

.60 

33500 

.90 

855 

.60 

4960 

.30 

11910 

10.00 

21640 

.70 

34a'.0 

2.00 

950 

.70 

5155 

.40 

121230 

.10 

2e04O 

.80 

31600 

.10 

1046 

.80 

5350 

.50 

12')50 

.20 

22450 

.90 

351.50 

.20 

1145 

.90 

554) 

.60 

12880 

.30 

22860- 

13.0(1 

3.5700 

.30 

1250 

5.00 

5740 

.70 

1321,0 

.40 

23270 

.10 

36300 

.40 

1360 

.10 

5960 

.80 

13510 

.50 

23690 

.20 

36850 

.50 

1470 

.20 

6160 

.90 

13870 

.60 

24120 

.60 

1590 

.30 

6370 

8.00 

14260 

.70 

24560 

DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OP  TOUGHIOGHENY  RIVER  AT  CONNELLSVILLE,  FAYETTE  COUNTY, 

PA. 
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River  freezing.  tRiver  partly  frozen  over.  flee  breaking  up.  a Max.  12.81  at  8:00  a.  in.:  3470<i  see.  ft.  b Max.  1T.2S  at  1:30  p.  in.;  f.ssoflO  sec.  ft.  e Max  1159 

t 8:00  a.  m.;  28500  sec.  ft.  d Max.  7.03  at  7:30  a.  ni.;  11100  sec.  ft.  e Max.  9.22  at  4:30  p.  m. ; 18000  sec.  ft.  f Estimated. 


ESTIMATED  MONTHI.Y  DISCHARGE  OF  TOUGHIOGHENY  RIVER  AT 
CONNELLS VILLE,  FAYETTE  COUNTY. 

,(Drainaoe  area,  1,3^0  square  miles.) 


MONTH. 


1912. 

January,  

February,  

March,  

April 

May,  

June,  

July 

August,  

September,  

October,  

November,  

December,  

The  year,  .... 


Disotiarge  in  Second-feet.  Kun-off. 


Maximum. 

Minimnin, 

Mean. 

Second-feet 
per  square 
mile. 

Depth  in 
inches. 

10300 

i 

978 

2930 

2.220 

2.559 

31700 

5 SO 

Slid 

2.364  . 

2.549 

fSSi)00 

1720 

9780 

7.400 

8.542 

SoOO 

issu 

3190 

2.G44 

2.950 

iS-iOO 

97S 

3500 

2.652 

3.C67 

S440 

300 

1540 

1.167 

1.302 

2St.CO 

S93 

5100 

3.864  . 

4.45.5 

11100 

714 

1900 

1.439 

1.659 

1S600 

787 

4640 

3.5L) 

3.922 

3240 

41t> 

1250 

0.947 

1.092 

7990 

5S0 

1590 

1.206 

1.344 

9S10 

$22 

1630 

1.235 

1.424 

fSSOOO 

300 

3370 

2.555 

34. 85 

f Estimated. 


MISCELLANEOUS  DISCHARGE  MEASUREMENTS. 


The  only  luis^cellaneou^^  discliaige  measiii  eiuents  made  during 
1912  were  those  taken  at  Frisco,  near  Ellwood  Citv,  Beaver  countv, 
on  Connoquenes.sing  creek,  18  of  which  Avere  nunle  on  the  creek 
proper,  and  24  on  the  head  race,  the  cvater  in  wliich  is  diverted  from 
the  creek  about  200  feet  above  the  gaging  station.  The  gage  heights 
given  in  these  measurements  are  those  recorded  from  permanent 
gages  located  on  both  the  creek  proper  and  the  head  race,  the  only 
use  of  which  was  to  record  the  relative  heights  of  water  at  the  time 
the  measurements  were  taken. 
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DISCHARGE  MEASUREMENTS  OP  CONNOQUENESSING  CREEK,  (PRO- 
PER), AT  WALKER’S  MILL,  NEAR  ELLWOOD  CITY,  BEAVER  COUN- 
TY, PA. 


(Drainage  area  ilO  square  miles.) 


No. 

Date. 

ITydrographer. 

Width. 

Area  of  section. 

Mean  velocity. 

*11 

.a 

1 

a 

O 

Discharge. 

Remarks. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1912 

ft. 

sec. 

ft. 

1 

Feb.  20 

51ir 

3.57 

4 70 

1853 

2 

March  21 

Ross 

M2 

Dr")'! 

.8.23 

s.d; 

7S90 

3 

March  22 

Russ,  

142 

G83 

4.70 

5.52 

3210 

4 

March  22 

Ross,  

JiJ 

3G4 

3.70 

4.84 

2088 

5 

March  23 

Ross,  

M2. 

458 

3.10 

4.02 

1422 

G 

March  23 

Ross,  

150 

4oG 

3.09 

4.02 

1408 

7 

April  2 

Hoss 

142 

80.0 

G.31 

6.48 

5107 

s 

April  3 

Ross,  

143 

877 

6.31 

6.90 

5557 

9 

April  8 

Ross,  

142 

473 

3.00 

4-.00 

1417 

10 

April  10 

Ross,  

M3 

3G7 

2.20 

3.38 

841 

11 

April  12 

Ross,  

142 

20.5 

1.7S 

2.93 

525 

13 

April  22 

Ross,  

127 

235 

1.35 

2.48 

308 

13 

April  30 

Ross,  

112 

803 

6. OS 

6.45 

4860 

14 

April  30 

Ross,  

M2 

73' 

0.37 

G.CS 

3932 

15 

May  24 

Ross 

123 

157 

0.99 

1.90 

155 

IG 

May  24 

Ross 

117 

110 

0.93 

1.55 

102 

17 

.Tune  12 

Ross,  

82 

58 

0.44 

1.05 

25 

18 

July  18 

Koss 

123 

m 

1.33 

2.15 

272 

DISCHARGE  MEASUREMENTS  OP  CONNOQUENESSING  CREEK,  (HEAD 
RACE),  AT  WALKER’S  MILL,  NEAR  ELLWOOD  CITY,  BEAVER  COUN- 
TY, PA. 


No. 

Date. 

ITydrographer. 

'O 

is 

Area  of  section,  j 

Mean  velocity. 

1 

aj 

1 

fc/1 

C3 

Discharge. 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1912 

ft. 

sec. 

ft. 

1 

19 

15 

78 

0.99 

2.00 

77 

2 

Feb. 

20 

Ross,  

21 

92 

1.12 

1.90 

103 

3 

March 

21 

Ross 

22 

99 

0.79 

2.10 

79 

4 

March 

23 

Ross,  

21 

69 

0.33 

1.70 

23 

5 

April 

8 

Ross 

21 

93 

0.71 

1.93 

66 

6 

April 

12 

Ross 

20 

76 

1.03 

1.15 

78 

7 

April 

12 

Ross,  

20 

74 

1.35 

1.02 

100 

8 

April 

12 

Ross,  

20 

78 

0.46 

1.23 

36 

9 

April 

22 

Ross,  

26 

76 

0.07 

1.05 

5.3 

10 

April 

22 

Ross,  

20 

74 

0.78 

0.94 

58 

U 

April 

22 

Ross,  

26 

72 

1.00 

O'.  88 

73 

12 

April 

30 

Ross,  

22 

96 

0.52 

1.95 

50 

13 

May 

24 

Ross 

20 

67 

0.76 

0.60 

51 

14 

May 

24 

Ross 

20 

65 

1.00 

0.50 

71 

15 

May 

21 

Ross,  

20 

61 

1.64 

0.25 

lOO 

16 

June 

12 

Ross,  

20 

51 

0.98 

-0.30 

50 

17 

July 

18 

Ross 

20 

71 

0.82 

0.72 

58 

18 

July 

18 

Ross 

20 

71 

0.28 

0.80 

20 

19 

July 

26 

Ross 

20 

88 

0.39 

1.70 

34 

20 

July 

2G 

Ross 

20 

98 

0.74 

2.15 

73 

30 

94 

0.61 

1.96 

57 

21 

July 

26 

Ross,  

22 

July 

26 

Ross,  

20 

79 

0.13 

1.15 

10 

23 

July 

26 

Ross,  

20 

78 

0.24 

1.40 

19 

24 

July 

26 

Ross 

20 

84 

0.38 

1.70 

33 

Remarks. 


Mill  not  running. 

42"  wheel  running. 

Mill  not  running. 

Mill  not  running. 

Mill  not  running. 

40"  wheel  running. 

40"  and  42"  wheels 
running. 

Mill  not  running. 

Mill  not  running. 

42"  wheel  running. 

42"  wheel  open. 

Mill  not  running. 

42"  wheel  running. 

42"  wheel  open. 

Both  wheels  open. 

42"  wheel  runing. 

42"  wheel  running. 

Mill  not  running. 

Mill  not  running. 

Mil  not  running.  Gates 
open. 

Mill  not  running. 

Mill  not  running. 

Mill  not  running. 

Mill  not  running. 


INDEX 


APPENDIX  B 

HYDROGRAPHIC  DATA 


Page. 

Allegheny  river — Description  of  Basin , 182 

Allegheny  rvier,  at  Kittanning, 

Description  of  station 232 

Discharge,  232 

Allegheny  river,  at  Red  House,  New  York., 

Description  of  station 183 

Discharge,  186 

Antietam  (Little)  creek,  West  Branches,  Desc.  of  Basin,  170 

Antietam  (Little)  creek,  West  Branch,  at  Mont  Alto, 

Description  of  station,  170 

Discharge,  171 

Bald  Eagle  creek — Description  of  Basin 105 

Bald  Eagle  creek,  at  Beech  Creek  Station, 

Description  of  Station,  113 

Discharge,  114 

Bald  Eagle  creek,  at  Milesburg, 

Description  of  station,  106 

Discharge,  107 

Blacklick  creek — Description  of  Basin 239 

Blacklick  creek,  at  Blacklick, 

Description  of  station,  240 

Discharge 241 

Brandywine  creek — Description  of  Basin,  67 

Brandywine  creek,  at  Chadds  Ford, 

Description  of  station 67 

Discharge , 68 

Brodheads  creek — Description  of  Basin,  36 

Broadheads  creek,  at  Analomink, 

Description  of  station,  37 

Discharge 38 

Brokenstraw  creek — Description  of  Basin,  194 

Brokenstraw  creek,  at  Youngsville, 

Description  of  station,  194 

Discharge,  196 

Bushkill  (Big)  creek — Description  of  Basin,  32 

Bushkill  (Big)  creek,  at  Shoemakers, 

Description  of  station,  33 

Discharge,  34 
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Oasselman  river — Descripjtioii  of  Basin,  296 

Casselman  river,  at  Confluence, 

Description  of  station 297 

Discharge 298 

Cheat  river — Description  of  Basin 270 

Cheat  river,  near  Morgantown,  W.  Va. , 

Description  of  station 271 

Discharge,  273 

Chemung  river — Description  of  Basin , 81 

Chemung  river,  at  Chemung,  N,  Y, , 

Description  of  station 82 

Discharge,  83 

Chenango  river — Description  of  Basin,  74 

Chenango  river,  at  Binghamton,  N,  Y, , 

Description  of  station,  ? 74 

Discharge 76 

Clarion  river — Description  of  Basin,  221 

Clarion  river , at  Clarion , 

Description  of  station 222 

Discharge,  223 

Conewango  Creek — Description  of  Basin,  187 

f 'onewango  creek , at  Frewsburg , N,  Y, , 

Description  of  station 188 

Discharge,  189 

Connoriuenessing  creek.  Miscellaneous  discharge  measurements,  309 

Conodoguinet  creek — Description  of  Basin 149 

Conodoguinet  creek,  at  Bryson’s  Bridge, 

Description  of  station,  150 

Discharge 151 

Crooked  creek — Description  of  Basin,  235 

Crooked  creek , at  Hileman’s  Farm , Armstrong  county , 

Description  of  station 236 

Discharge 237 

Cussewago  creek — Description  of  Basin , 209 

Cussewago  creek,  above  Meadville, 

Description  of  station,  210 

Discharge 211 

Darby  creek — Description  of  Basin 64 

Darby  creek,  at  Lansdowne, 

Description  of  station 65 

Discharge 65 

Delaware  river — Description  of  Basin 28 

Delaware  river.  East  Branch — Description  of  Basin,  10 

Delaware  river,  East  Branch,  at  Hancock,  N,  Y, , 

Description  of  station,  11 

Discharge,  12 

Delaware  river.  West  Branch — Description  of  Basin,  6 

Delaware  river.  West  Branch,  at  Hancock,  N,  Y, , 

Description  of  station,  6 

Discharge,  8 

Delaware  river,  at  Port  Jervis,  N,  Y, , 

Description  of  station,  29 

Discharge,  30 
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Delaware  river,  at  Riegelsville,  N.  J. , 

Description  of  station,  50 

Discharge,  51 

Dunkard  creek — Description  of  Basin,  283 

Dunkard  creek,  at  “Bobtown. ,” 

Description  of  station 284 

Discharge,  285 

East  Branch  Delaware  river — Description  of  Basin 10 

East  Branch  Delaware  river,  at  Hancock,  N.  Y. , 

Description  of  station 11 

Discharge , 12 

Frankstown  Branch,  Juniata  river — Description  of  Basin,  133 

Erankstown  Branch,  Juniata  river,  at  Huntingdon, 

Description  of  station,  134 

Discharge,  135 

French  creek — Description  of  Basin 213 

French  creek,  at  Carlton, 

Description  of  station 214 

Discharge,  215 

French  creek.  North  Branch — Description  of  Basin 205 

French  creek.  North  Branch,  at  Kimmeytown, 

Description  of  station 206 

Discharge 207 

Juniata  river — Description  of  Basin , 145 

Juniata  river,  at  Newport, 

Description  of  station 146 

Discharge 147 

Juniata  river,  Frankstown  Branch — Description  of  Basin,  133 

Description  of  station,  134 

Discharge 135 

Juniata  river,  Raystown  Branch — Description  of  Basin,  130 

Juniata  river,  Raystown  Branch,  at  Saxton, 

Description  of  station 130 

Discharge,  131 

Kinzua  creek — Description  of  Basin,  191 

Kinzua  creek,  at  Dewdrop, 

Description  of  station,  191 

Discharge,  192 

Kishacoquillas  creek — Description  of  Basin,  137 

Kishacoquillas  creek,  at  Kulp’s, 

Description  of  station 138 

Discharge,  139 

Kiskiminetas  river — Description  of  Basin 248 

Kiskiminetas  river,  at  Avonmore, 

Description  of  station 249 

Discharge 250 

Lackawanna  river — Description  of  Basin,  90 

Lackawanna  river,  at  Scranton, 

Description  of  station 91 

Discharge,  92 

Lackawaven  river — Description  of  Basin 14 

Lackawaxen  river,  at  Hawley, 

Description  of  station 15 

Discharge,  16 
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Laurel  Hill  creek — Description  of  Basin,  801 

Laurel  Hill  creek,  at  Confluence, 

Description  of  station 302 

Discharge 303 

Lehigh  river — Description  of  Basin 46 

Lehigh  river,  at  South  Bethlehem, 

Description  of  station,  47 

Discharge 48 

Loyalhanna  creek — Description  of  Basin ^ 244 

Loyalhanna  creek,  near  New  Alexandria, 

Description  of  station : 245 

Discharge , 246 

Loyalsock  creek — Description  of  Basin,  127 

Loyalsock  creek,  at  Forksville, 

Description  of  station,  128 

Gage  Heights,  129 

Lycoming  creek — Description  of  Basin 120 

Lycoming  creek,  at  Bridge  No.  2,  near  Williamsport, 

Description  of  station,  121 

Discharge 122 

McMichaels  creek — Description  of  Basin , 43 

McMichaels  creek,  above  Stroudsburg, 

Description  of  station,  43 

Discharge 44 

Mahoning  creek — Description  of  Basin 229 

Mahoning  creek,  at  Furnace  Bridge  f“Dee”) , 

Description  of  station 230 

Discharge 231 

Monocacy  river — Description  of  Basin 173 

Monocacy  river,  at  Frederick,  Md., 

Description  of  station 174 

Discharge 176 

Neshaminy  creek — Description  of  Basin,  55 

Neshaminy  creek,  near  Rushland, 

Description  of  station,  65 

Discharge 57 

Neshannock  creek — Description  of  Basin 262 

Neshannock  creek,  at  New  Castle, 

Description  of  station,  263 

Discharge 264 

North  Branch  French  creek — Description  of  Basin,  205 

North  Branch  French  creek,  at  Kimmeytown, 

Description  of  station 206 

Discharge 207 

North  Branch,  Susquehanna  river — Description  of  Basin,  76 

North  Branch,  Susquehanna  river,  at  Binghamton,  N.  Y., 

Description  of  station 78 

Discharge , 79 

North  Branch,  Susquehanna  river,  at  Danville, 

Description  of  station,  96 

Discharge,  98 

North  Branch,  Susquehanna  river,  at  Wilkes-Barre, 

Description  of  station,  93 

Discharge,  94 
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Oil  creek — Description  of  Basin,  201 

Oil  creek,  at  Rouseville, 

Description  of  station,  202 

Discharge,  203 

Perkiomen  creek — Description  of  Basin,  58 

Perkiomen  creek,  near  Frederick  (Spring  Mount), 

Description  of  station,  58 

Discharge , 60 

Pine  creek — Description  of  Basin,  116 

Pine  creek,  at  Waterville, 

Description  of  station,  116 

Discharge,  118 

Pocono  creek — Description  of  Basin 40 

Pocono  creek,  near  Stroudsburg, 

Description  of  station 40 

Discharge,  41 

Rattlesnake  Brook — Description  of  Basin,  25 

Rattlesnake  Brook,  at  Spring  Brook, 

Description  of  station,  25 

Discharge , 26 

Raystown  Branch,  Juniata  river — Description  of  Basin,  130 

Raystown  Branch,  Juniata  river,  at  Saxton, 

Description  of  station 130 

Discharge 131 

Red  Bank  creek — Description  of  Basin 225 

Red  Bank  creek,  at  St.  Charles, 

Description  of  station,  226 

Discharge,  227 

Schuylkill  river — Description  of  Basin 61 

Schuylkill  river,  at  Philadelphia, 

Description  of  station 61 

■ Discharge,  63 

Shenango  river — Description  of  Basin,  253 

Shenango  river,  at  Sharon, 

Description  of  station 258 

Discharge,  260 

Shenango  river,  at  Turnerville, 

Description  of  station,  254 

Discharge 256 

Sholola  creek — Description  of  Basin 22 

Shohola  creek,  at  Lord’s  Valley, 

Description  of  station 23 

Discharge,  23 

Slippery  Rock  creek — Description  of  Basin,  266 

Slippery  Rock  creek,  at  Wurtemburg, 

Description  of  station,  267 

Discharge,  268 

Spring  creek — Description  of  Basin 109 

Spring  creek,  at  Bellefonte, 

Description  of  station,  110 

Discharge,  Ill 

Sugar  creek — Description  of  Basin 217 
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Sugar  creek,  at  Wyattville, 

Description  of  station 218 

Discharge 219 

Susquehanna  river — Description  of  Basin 153 

Susiuehanna  river,  at  Harrisburg, 

Description  of  station 155 

Discharge,  156 

Susquehanna  river.  North  Branch — Description  of  Basin,  76 

Susquehanna  river.  North  Branch,  at  Binghamton,  N.  Y. , 

Description  of  station,  78 

Discharge,  79 

Susquehanna  River,  North  Branch,  at  Danville, 

Description  of  station 96 

Discharge,  98 

Susquehanna  river.  North  Branch,  at  Wilkes-Barre, 

Description  of  station 93 

Discharge 94 

Susquehanna  river.  West  Branch — Description  of  Basin,  100 

Susquehanna  river.  West  Branch,  at  Renovo, 

Description  of  station 101 

Discharge 103 

Susquehanna  river.  West  Branch,  at  Williamsport, 

Description  of  station,  124 

Discharge 125 

Swatara  (Big)  creek — Description  of  Basin 162 

Swatara  (Big)  creek,  at  Jonestown, 

Description  of  station 163 

Discharge,  .• 164 

Tionesta  creek — Description  of  Basin 198 

Tionesta  creek,  near  Nebraska, 

Description  of  station 199 

Discharge 200 

Tohickon  creek — Description  of  Basin  53 

Tohickon  creek,  at  Point  Pleasant, 

Description  of  station 53 

Discharge 54 

Tuscarora  creek — Description  of  Basin,  141 

Tuscarora  creek,  near  Port  Royal, 

Description  of  station 142 

Discharge 143 

Turtle  creek — Description  of  Basin 287 

Turtlecreek,  at  East  Pittsburgh, 

Description  of  station,  287 

Discharge,  289 

Tygart  river — Description  of  Basin 275 

Tygart  river,  at  Fetterman,  W.  Va., 

Description  of  station 276 

Discharge,  277 

Wallenpaupack  creek — Description  of  Basin 18 

IVallenpaupack  creek,  at  Wilson ville. 

Description  of  station,  19 

Discharge 20 

West  Branch,  Delaware  river — Description  of  Basin,  6 
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West  Branch,  Delaware  river,  at  Hancock,  N.  Y, , 

Description  of  station , 6 

Discharge,  8 

West  Branch,  Little  Antietam  creek — Description  of  Basin 170 

West  Branch,  Little  Antietam  creek,  at  Mont  Alto, 

Description  of  station 170 

Discharge 171 

West  Branch,  Susquehanna  river — Description  of  Basin 100 

West  Branch,  Susquehanna  river,  at  Revono, 

Description  of  station,  101 

Discharge,  103 

West  Branch,  Susquehanna  river,  at  Williamsport, 

Description  of  station,  124 

Discharge,  125 

West  Fork  river — Description  of  Basin 279 

West  Fork  river,  at  Enterprise,  W.  Va., 

Description  of  station,  280 

Discharge 281 

Wyalusing  creek — Description  of  Basin,  86 

Wyalusing  creek,  at  Wyalusing, 

Description  of  station,  87 

Discharge,  88 

Yellow  Breeches  creek — Description  of  Basin,  158 

Yellow  Breeches  creek,  at  Olmsted’s  Mill, 

Description  of  station 159 

Discharge,  160 

Youghiogheny  river — Desfl’iption  of  Basin 291 

Youghiogheny  river,  at  Confluence, 

Description  of  station,  293 

Discharge 294 

Youghiogheny  river,  at  Connellsville , 

Description  of  station 305 

Discharge 307 
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